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METHOD FOR MAKING SAME 
(005092.00018) 

Cross-Referienced Applications 

This application claims priority to commonly assigned U.S". Patent Application No. 
60/239,01 0 titled **MicrofIuidic Substrate Assembly and a Method for Making Same" and filed on 
October 06, 2000, conmionly assigned U.S. Patent Application No. 60/239,063 titled "Liqiiid 
Separation Column Smart Cartridge " and filed on October 06, 2000,. commonly assigned U.S. 
Patent Application No. 60/238,805 titled 'liquid Separation Column Smsat Cartridge with 
Encryption Capability" and filed on October 06, 2000, and commonly assigned United States Patent 
Application No. 60/238,390 titled 'Mcrbfluidic Substrate Assembly and a Method for Making 
Same" and filed on October 06, 2000, the entire disclosure of each of which is hereby incorporated 
herein by reference for all purposes.. . 

Field of Invention 

The present invention relates to flmd-handling substrate devices and more particularly to 
microfluidic substrate assemblies and to methods for making certain preferred embocHments of such 
microfluidic substrate assemblies. • 

Background 

' Systems for biochemical, chenucat and molecular" m 
with multifunctional capabilities including, for ©cample,* chemical, optical, fluidic, electronic, 
acoustic, and/or mechanical fimctionality. RdMattirization of these systems 'pfiers several 
advantages, including increased portability and lower production cost Such devieeis can be 
fabricated firom a diverse ^emble of materials including, for example, plastics orpolymers, metals, 
siiiconj ceramics, paper, and composites of these and other materials.' Typically,- such substrates 
include fluid . channels extending within them for the transport and/or.. analysis of fluids or 
components xontaiiied in the ^ fluids. Additionally, the channels may contain, fragile or 
environmentally sensitive structures,, such, as materials, architecture and/or devices used for 
analyzing the fluids or components contained therein.. Mespscale sample preparation devices for 
providing microvolume test samples are described in US patent No. 5,928,880 to Wilding et al. 
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Devices for analyzing a fluid sample, compiisiiig a solid substrate naicrofabricated to define at least 
one sanqjle inlet port and a mesoscale flow diannel extending jfrom the inlet port within the substrate 
for transport of a fluid sample are described ia US patent No. 5,304,487. 

Currently known miniaturized fluid-handling devices have not met all of the needs of 
industry. Also, methods for assembling miniaturized fluid-handling substrates are inadequate in one 
or more respects. The microfebrication of soUd substrates to produce .mesoscale devices is not 
adequately suited to cost effective, flexible production of suitable fluid handling devices. Current 
thermal welding methods, for example, are unsuitable or ineffective ftar fluid -h a n d ling substrates 
having, L e., incorporating or embodying, environmentally sensitive elements. More q>ecifically, as 
noted above, the channels formed in substrates produced by thermally welding together pieces, 
lay^, or the like "may contain envirpnm^tally sensitive elismehts, such as microstructures or 
devices that could be damaged by exposure to high temp'^ature or intense radiation. Thus, current 
methods used for weldiag plastic pieces together may require temperatures and/or pressures that can 
destroy such environmentally sensitive elements. It is possible Ihat the teinperature of a system 
being welded could re^h over 600 degrees centigrade, a temperature that could easily destroy 
sensitive fluid analysis or detection components; such as a computer processor contained within the 
channels of a substrate, and could destroy the walls of miniaturized channels, e.g., channels formed 
by micro-machining in the plastic layers j oiaed together to form a fluid-handling substrate. 

Other methods of joining plastic or other substrate pieces together include solvent-based 
sealing, high pressure and temperature based sealing, , and adhesive based sealing. Additional 
problems exist with these methods used to seal channels. Adhesives require time to cure, which 
slows manufacturing. Also, adhesives may require difficult control of pressure during assembly, 
siace too Httle pressure may result in an inadequate seal and excessive pressure can squeeze the 
adhesiveinto the channels. Adhesives also must be applied carefully so as not to produce areas that 
are so-thick:as to alter the dimensions of the channel Solvents and the chemicals in adhesives may 
■■ contaminate the channels and/or otherwise damage the environmoitaily saisitive elements contained 
in the channels. Certain' components within the solution might dissolve one ore more con^onents in 
the adhesives which may result in potential interferences in detecting the cdmponients of interest in 
the solution- ' 

Therefore, there exists a need in the art for improved fluid-handling substrates, and for 
methods for manufacturing fluid-handling substrates that avoid damage to substrate elements and/or 
heat-sensitive components contained within such substrates. It is a general object of the present 
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invention to provide improved flmd-handling substrates, particularly micro-fluidic substrates, and 
r iinproved metliods of fonning stich fluid-handling substrates. These aud other objects of the 
invention will be imore fiilly understood firom the following disclosure and detailed description of 
certain prefeared embodiraents of the invention. 
5 ■ 

Sqmmary . , . * - 

w .In. accordance with a first aspect, fluid hanc31iag devices are provided, comprising a multi- 

; , layer, laminated substrate defining at least one fluid inlet port and at least one microscale fluid flow 
, channel (also referred to in some cases here as amicrofluidic channel or amicrochannel of themulti- 
: . layer Ianiinated.substrate)withm.t^^ 
. . for transport offluid to be t^ed,malyzed or operated on. Prefer 

be utilized in a wide range of automated tests for the analysis of a fluid As usedhere fluid refers to 
>gases, liquids, si^ercritical fl.uids..and the like, optionally containing dissolved species, solvated 
, species and/or particulate matter. Testingor analysis of afluid hasa broad meani^ 
. detection, measiirement or other determination of the presence of a fluid or of a characteristic or 
. .prppertyof the fluid or of a component of the fluid, such as particles, dissolved salts or other solutes 
^ or other species in the fluid. Especially preferred embodiments of the fluid handhng devices 
disclosed.here are operative to perform liquid separation analyses. That is, the. devices perform or 
are adapted to function ia a larger system which performs, any of various different fluid, separation 
• ' test pr analysis methods, typically along. with ancillary and supporting operations. . : 

> hi accordance with another, aspect, the fluid handling devices^^ 
; comprising a multirlayer laminated substrate microfabricated to define at least one microscale fluid 
flowpassage. Numerous materials are suitable for the individual layers of the substrate, depending 
on the use environment and fmctioniity intended for device^ Suitable materials include, for 
example,, polymers, plastics, e.g. rigid or flexible plastics, glass,: CCTamic, metal, silicop, etc. and 
,combiiiations of numerous roaterials.. In certain embodiments, additives, such as carbon blac^ 
- titanium dioxide, gold, -e.g. •electropla.ted gold or electrolessly plated gold, carbon particles, 
... - additional polymers, e.g. a secondary polymer or second phase pplymer reactive with the primary 
.. polymer of the laminate layer, IR absorbing materials, and the hke, may be included, as a surfece 
coating and/or ^a body filler,, m the materials used Jo form any. of the .layers of the multi-layer • 
- .-^^-..^^nmiated.siibstrate^ smtable for.roicromachnmg;^ used, for 

a^o^^ layCT^fpt^led of j^^^ with.waveguide,.thick ^Itti^ thinfihn or 
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Other surface treatirieiits. Given the bmefit of this disclosure, it wffl be wifhin the ability of those 
skilled in the art to select materials fc^ the substrate siaited to Ihe particular plication. The substrate 
assembly may take any of numerous fomis, 'e.g., a manifold in fluid communicatidn witii an 
instrument, a cartridge, such as the cartridge described ia the commonly assigned U.S. Patent 
Applications incorporated by reference, or a component of a cartridge for performing one or more 
operations on a fluid, for example, fluid analysis, testing, reactions, detection or tiie like, such as by 
gas chiomatogr^hy, Hquid chromatography, electrophoresis, or other fluid separation and analytical 
techniques. As furiher discussed' below, any one or moire of various diferent operations maybe 
performed by the substrate assembly, employing, for example, heating, cooling, mixing, electrical or 
electromagnetic or acoustical (e.g:, ultrasonic) forces, pressure differentials, etc. Exeniplary unit 
operations which may be performed by various different embodiments of the substrate assembly 
disclosed here include fluid mixing, reacting, analyzing, extraction, amplification" or focusing or 
concentration, labeling, filtering, selection, purification; etc. Infonriatioh such as the identity of the 
substrate assmibly, the results of any such operation(s)aiid/orwhen they occurredor^^ 
at tiiat time may optionally be digitally or otherwise recorded, suchas inan dn-boardmemoryunit or 
the like carriedby the substrate assembly or by another component of a system in which the substrate 
assembly is employed or in communication with, either by wire or by wireless communication, for 
example. One or more of the aforesaid operations maybe integrated into tiie substrate assemblies 
disclosed herein-. : 

In accordance with another aspect, the substrate assemblies disclosed here are '*microfluidic" 
in that they operate effectively on micro-scale fluid samples, typically having fluid flow rates as low 
as about Iml/mia, preferably about^l 00 ul/min or less, naore preferably about 1 0 ul/min or less, most 
preferably about 1 ul/min or less, for example about 1 00 nanoliters/min. Total fluid volume for an 
LC or other sudi fluid separationmethddperfonnedby 'subst^^ assemblies disclosed here, e.g., in 
support of a water quality test to determine the concentration of analytes in the water beiiig tested, in 
accordance with certain p'refecred embodiments, can be as small as about 10 "ml or less, or I ml or 
■ less, preferably 100 microliters,^ more preferably 10 mibroUters or even 1 microliter or less, for 
example, about 100 nanoliters. As used hereiii, "the temi' "microscale" also refers to flowpassages or 
channels md 'other structural elements of the multi4k^^ For example, die one 

ormoremicrochamiels of the substratepreferably have across-sectional dimension (diameter, width 
or height) betweeii about 500 micrcms- md about 100^^^ at the sindl aid of that 

ranges -the nncrocliannel has c^^^ arisk of abbut .01 s^iare mcrbh^r Sucfiimi^ 
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within the laminated substrate, and chambers add other structures within the laminated substrate, 
wheu viewed in cross-section, may be triangular, ellipsoidal, square, rectangular, circular or any 
. oilier shape, with at least one and preferably ail of the cross-sectional dimensions transverse to the 
path of the fluid flow. It should be recognized, that one or more layers of the laminated substrate 
may in certain embodiments have operatiye features, such as fluid channels„reaction chambers or 
zones, accumulation sites etc. that are largerthanmicroscale. Additionally, the multi-layer laminated 
substrate maybe attached to one ormore devices that are larger than microscale and optionally have 
an adaptor such as a valve, for example, to provide a suitable interface with the laminated substrate 
and/or to regulate the fluid flow rate into the laminated substrate. The multi-layer laminated 
substrates disclosed here, can" provide effective fluid analysis systems with good speed of analysis, 
decreased sample aad solvent consumption, the possibility of increased detection .efficiency, aad in 
certain embodiments disposable fluid-handling devices. 

In. accordance with an additional aspect, the microfluidic nature of the substrate assemblies 
disclosed here provides significant commercial advantage. Less sample fluid is required, which in 
.. certain applications can present significant cost reductions, both in reducing product usage (for 
exaraple, if the test sample is taken from aproduct stream) and in reducing the wastestream disposal 
vplume. Samples can be concentrated prior to separation and/or entry iato the microfluidic substrate 
assemblies. In addition, the microfluidic substrate assemblies can, in accordance with preferred . 
' embodiments, be produced employing micro electromechanical systems (MEMS) and other known 
techniques suitable for cost effective manufacture of miniature high precision devices.-. The micro- 
scale .fluid flow channel(s) of the multi-layer laminated substrate of the microfluidic substrate 
assembly and other operational features and components of tiie microfluidic substrate assembly, such 
as components for liquid chromatography or other fluid separation niethods, beatrag or cooling fluid 
handled by the assembly, generating electrical or electromagnetic or acoustical (e.g., ultrasonic) 
forces on the fluid, generating high pressures or pressure differentials, fluid nmdng, reacting,. 
.ranaly2dng, extraction, , amplificatipn or focusing or concentration, labeling, .fil^^^ 
purification, etc., can be integrated, into the multi-layer laminated substrate,, mounted, onto the 
substrate as an pn-board copiponent or incorporated elsewhere in the microfluidic substrate 
assembly. Such operational ^devices, including, for ex:ample„ devices integrated as an, external 
component-on-board.iqounted in.fluid-tight fashion to any surfece of the substrate and/or devices • 
embedded within, .the, body of the .substrate,, in accordance wiffi preferred- gnbodiments . of the 
miiOTfluidcsub ^ . 

^.5 
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la accordance with another aspect, fluid handling devices are provided comprising amnlti- 
layer laminated substrate defining at least oiie fluid iolet port and at least one naicroscale fluid flow 
channel within the multi-layer laminated substrate in fluid communication with tiie inlet port for 
transport of fluid to be tested. M least one operative component is mounted aboard the multi-layer 
laminated substrate in cominunication with the microscale fluid flow channel. In certain preferred 
■ embodiments'the mounted component (referred to here also as a "component-on-board" or by similar . 
tenn) is in fluid communication with tiie microchannel(s) in liie substrate. The component^on-boaid 
can be any of numerous components useful for fluid separation methods or other operations. 
Exemplary coinponents include heaters, coolers, pumps, fluid reservoirs, mixers,, e.g. ultrasonic 
mixers, sensorsi the fluid separation conduit cartridges as disclosed in the commorily assigned U.S. 
Patent Applications incorporated herein by reference, and other devices discussed here.. As 
discussed further below, any necessary or desired function not performed by a suitable conqionent- 
• on-board can be performed by otiier equipment associated witii the inicrofluidic substrate assembly 
As an example of components of tte multi-layer laminated substrates disclosed here,' or the 
miCTofluidic substrate assembly iiicoiporating or integrating such fluid-handling substi^e, in certain 
embodiments will' advantageously ctoiqjrise a heatiiig/cooUng element for controlling the 
tm^erature of fluid being tested or measured, e.g., an electeical heating elemait and/or a 
reMgeraticm dement Aii electrical heating element may be integrated into' the substrate, with 
' elecfaicai' elanents' for power ma:ted to matching electirical contacts in a larger associated device 
■wHch receives flie sub'stite. Alternatively, the larger associated device may include intemal or ' 
Kctemal "heating device^, "such as a laser or other source of electromagnetic energy. A 
micrbprocessor may be usedto ligulate fhe heating element and/or coiitrol other fimctions of the 
mirarofluidic substiate'assembly; A tiiennwoiq^^^ may also be jirovided in the substrate in electiical 
-contact vnth Uie^assbciated device to aliow'such nnCToprocessdr or other electronic controller to 
detect -and maintain " desired fluid tiragjeratiires: ■ A' cooling element, such as a miniature 
•fherm6electncheatp\raip(Matmalsm^^ 

m the associated devicefor adjusting the tenipCTature of tiie 'anpiification chamber ' ' •' ■ 

In accordance wtii mdtheraspecJifhn^ 
plani multi-layer lamiiiafed substiate deimiiig at least one fluid inlet port, at least one imcroscale 
fluid flow chmnel at each of moirei'liian one level within the'iniilti-layex liainiMted substrate for 
transpibrt of flmdtoVe tMted, and at ie^'oiiemicrociiflnnel via extendiiigbetween levels^withihttie 
rauffi-kyer. laminatwi svilsst^^ 
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channels are referred to in some instances below as interlayer microfluidic channels. In preferred 
embodiments, the microscale fluid flow channels at each of multiple levels within the substrate are 
formed at the surface-to-surface interfaces between layers of the substrate. Two levels of 
microcharmels are formed, for example, by a PEEK or other plastic plate or disk having 
5 micromachined or micromilled grooves on both an upper and lower surface and sandwiched between 
two other layers of the substrate. A through-hole micromachined or otherwise formed m the plastic 
plate passing from an upper surface groove to a lower surface groove provides a fluid 
communication via, e.g. provides a fluid flow channel In certain preferred embodiments one or both' 
of the sandwiching layers of the substrate is a flexible sheet or film. As used here, the term 
. 10 "generally planar multi-layer laminated substrate" means card or cartridge^like, optionally being 
curvo-planar or otherwise irregular, but typically being rectihnear or right-cylindrical, and haviag a 
thickness less than about one third, preferably less than one quarter, rhore preferably less than about 
one fifth, e.g., about one sixth or less, the largest dimension of the major (i.e., largest) surface of the 
* laminated substrate. The dimensions of the laminated substrate referred to here are measured 
15. without includinjg any external components nibuuted on-board the substrate. Nor do they include 
electrical leads or connectors or conduits carrying sample fluid to or from the laminated substrate. 
One or both of the sandwiching layers can be welded or otherwise bonded, selectively or not, to the 
"**^~micromachuied layer to provide fluid-tight sealing along the microchannels. Additional levels of 
microchannels are provided by stackmg additional micromachined plates in the substrate, 
20 Directional references usedhere' are for convenience only and not intended to lim 

which the multi-layer laminated substrates are used. -In general, the nlulti-layer laminated substrates 
can be used in any orientation; solely for purposes of discussion here, they are assumed to be in the 
orientatiori shown in the drawings appmded hereto. . One skilled in the art, given the benefit of ftis 
disclosure, will recognize that microchaimels and vias of the multi-layef laminated substrate can 
25 have any suitable configuration including strai^t, curvo-Hnear, seipehtme of spiraL The cross- 
sectional configuration of the nucrochaimels can- be regular, i.e., uniform^ or meguliar, to suit the 
■ '* needs of an intended appKcatiorL:*'" * * • : .* ; . - :" 

In accbrdmce with anothd: aspect, fluidhandlihg dev^^ 
layer laminated substrate defining at least one fiuid inlet port aiid at'least one microscale fluid flow 
30 channel within Ihe'multi-Iayef substrate in fluid communication with the inlet port for transport of 
fluid to be tested, whereia at least one li^^ 
— plasticand thesubstrafe asisemfal^^ fltddti^fathigh£uid pressure ih'the microscale 

7 
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fluid flow channel. Certain preferred embodiments are Mti^t and operative at flmdpre^^ 
excess of 100 psi, preferably in excess of 200 psi, more preferably in excess of.300 psi, most 
preferably at pressures greater than 500 psi. As used here psi preferably refers to psi gauge as 
opposed to psi absolute. Especially preferred embodimeats are operative, including being fluid-ti^ 
5 along the periphery of the microchanneis within the substrate, even at fluid pressure in the 
microscale fluid flow channel in excess of 1000 psi. Preferred embodiments employing plastic 
substrate layCTS in high pressure embodiments provide significant advantages inmanufifctumgcost 
and flexibility. ]h certain prefenred embodiments, the nriciofhridic substrate assembly anploys ^ 
multi-layer laminated substrate having rigid plates sandwiching plastic layer between liiem. The 
10 plastic layers optionally are welded one to another and the rigid plates sandwiching the multiple 
plastic layer between them are formed of metal and are festened directly to each other. Asusedhere, 
■ direct fastening means that a bolt or . other fastener has compressive coatact with Hie rigid 
sandwiching plates. Preferably multiple bolts or the like extend from one to the other of the rigid 
-, .sandwiching plates. In accordance with certain preferred embodimaits, grooves for fluid flow 
15.. channels can be nucromachined, laser cut or oaerwisemmed or formed in the 
• orbo1hmetal(or otherrigidmaterial) clang)ingplates.thatmaybe, e.g., 3/16 of an inch to 3 inches 
: thidc When the substrate is assembled, a layer ofPEEK or other plastic, e.g.. .003 -.005 inch tbick 
. • layer of PEEK clamped between the plates,:in cooperation with the clamping plates groovra,defc^ 
^ . fluid-tight microchanneis of the resulting multi-layer lammated substrate. Through holes in the 
20 PEEK layer can serve as vertical vias in ttie substrate to provide fluid communication from 
,• ■ microchanneis in the inside surface of .the top clamping plate to those in the lower clamping plate. 
Fig. 10 shows an exemplary such embodimeiiL Bottom clanrohae plate 110 has microgrooves 1 14 
machined into its inside-surfece 116. Top clamping plate 1 12 has similar grooves 11 8 . PEEK layer 
, • 120 has microgrooves 122 and through-ioles 124. Other configuration will be readUy apparent to 
25 those skiUed in the art given ae benefit of this d^^ . -v- 

In accordance with another aqject, fluid handling devices are provide^ co^ 
layer laminated substrate defining at least one fluid inlet port, at least one miaoscale fluid, flow 
. channel -wilhin the multi-layer substrate in fluid comrnunication with the inlet.port for transport of 
fluid to be tKted, .and at least one declronic memory unit mounted to the subsfrate assembly and 
30 (^perativdyconnectediotheanothCTCQn^onentofth^^ 

hare memory. unitirefos to my:device.tiiat ,is.opgative to store,:read, write, and/oi:.read and write 
•:;-;,jnfonnafion..-M 

r 8 
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memcory (ROMs), programmable read only memory (ROMs) erasable programmable read-only 
monory (EPROMs), electrically erasable programmable read-only memory (EEPROMs), DIMMs, 
SIMMs, and othar memory units and memory chips weU known to those skilled in the art and 
commercially available from numerous manufacturers such as Siemens, Toshiba, Texas Instruments 
and Micron. O&er suitable devices for the memoiyurur and techinques for t^^ . 
the acquisition, storage and transmittal of data by or to fiie memory unit may be found in the 
commonly assigned United States Patent Applications incorporated herein by reference. In 
accordance with certain preferred embodiments at least one operative compon^t mounted aboard 
the multi-layer laminated substrate^ as disclosed above, is in communication wifb the microscale 
fluid flow channel and is operative to generate an electronic signal corresponding to a detected or 
measured fluid or characteristic of fluid in the microscale fluid flow channel, and the memory unit is 
connected to the operative component to receive and record the electronic signal. In preferred 
embodiments the fluid-handling device further comprises electronic" cornmunication devices, e.g. 
leads, wires or circuits, for communication with the memory unit. Suitable I/O devices for uploading 
signals to the memory comporient or downloading information stored on it will be readily ^parent to 
those skilled in the art given the benefit of this disclosure, and include, for example, PCMCIA-type 
electroiiic cornmunication ports, microprocessors, USB ports, serial ports, firewife ports, optical 
ports and tiie hke. As stated above," preferred embodiments of the fluid handling devices disclosed 
here are operative to perform, or are ada^jted to function in a larger systerd which performsj any of 
various different Hquid separation test or analysis methods. Liquid separation method parameters 
can be stored in a memory unit of the device or in a niembry unit of the larger systmi* and, in 
' accordance with preferred ernbodincients, siich information stored inliie memory uint disfines a liquid 
separation method such as, for example, liquid chromatography (LQ, capillary electrophor^is (CE) 
or otfa^ liquid-phase separatioia techniques, e.g., micellular electroldnetic chfbmatograpl^^ 
or MECC), isoelectric focusing and isotacfiophoresis (TIP). For convenience,' andnbt iiitending to 
limit the- iscope of the fluid handlirig device techiiology disclosed here/miich of the 'following 
debiled description of certain preferred en^ 

that axe operativei toperfoimliquid chromatogr^hy. - -r„ 

in accordance with another aispect, components of the fbiid ^hmt^M-n ^ f^ihffrafp^^^ inducing, 
But not liihited to, substrate layers and the inteifaces of the substrate, such as inlet and outlet ports 
'and component-on-board interfeces,'are made of polyethefetheiketone (PEE^ P^K-is a high 
tei25)erature resistant &ennoplkstici PEEKhas siqim lesistaiice dlowihg fo^ in 
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. harsh chemcal enviroDments, and- it retains its flexural and tensile properties at very high 
teii?)eratures. Additionally, glass, carbon fibers, carbon black, carbon particles, gold, titanium 
dioxide, etc., may be added to PEEK- to enhance its mechanical and thermal properties. One 
advantage of using PEEK in the assembly of a fluid-handling substrate is that a selective IR welding 
process maybe visually monitored, as PE!^ in its amorphous form can be a sufficieatly clear and 
optionaUy colorless material Therefore, fluid-tigjit seals within the multi-layer substrate, such as 
those created using selective IR welding discussed elsewhere herein or other suitable methods, for 
example, maybe inspected prior to further assembly of the fluid-handling substrate, In accordance 
with certain preferred , embodiments, crystaUme PEEK is, eiiq)loyed as a layer of the laminated 
substrate or a coating on another layer., Adyantageously, crystalline PEEK provides good chemical 
resistance. In accordance with certain preferred embodiments, PEEK loaded with suitable IR 
absorber material, such as dyes for example, is coated onto the interface of two or more congjonents, 
for. example, the interface of the component-on-board and the substrate, to provide an additional 
rneasure for selectively welding the.two. components tpgether.to form a fluid-ti^ seal.-. 

In accordance with other aspects, substrate assemblies are provided having selectively welded 
joint or interfacial areas between adjacent substrate lay^, andMyiug seded channels mcog^^ 
enviromnentally sensitive elements, such as components embedded or housed within the channels or 
architectural micro-features. Exemplary embodimerLts include substrate assemblies incorporatmg 
architectural miCTO-stmctures or hpusing fluid analysis, testing or flow-control coinponents which 
are.not tolerant of the temperatures at which the adjacent substrate layers or components used to 
assemble the substrate would thermally weld together to from the fluid-tight microchannels. The 
elemeaits are "not toleraaf ' in this context, inthattheiunctionor stnicture .oftheenviiorm 
sensitive structure or .element in question would be destroyed, impaired, or undesirably altered by a 
thermal weldmg process in which, substrate components are heated in bulk -to the welding 
•temperature. In certain embodiments, the environmentally sensitive element may not.be disposed 
within.the substrate but maybe contained, or housed within, the external component-on-board, for 
.example. It shpuldbe recognized that the term^chaimeland micxochannel.as usedhere includes not 
only elongate.voids or cavities within the body of the substrate assembly inteii(ied to cany a flow of 
fluid, but also chambers and other such configurations within the substrate. , 
. . • M accordance wilh kdditional a^ects, i?i?<ii9.ds are provided for sealing together substrate 
components, e.&jjlastio laye^:to to without the need for adhffiives, 

^splVCTts, prfflcposmpofg^^ 
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intense radiation, or pressures typically employed when thennally welding plastic assembiies. In 
accordance with certain preferred embodiments, a method is provided for producing the fluid- 
handling siibstrates disclosed immediately above, comprising substrate assemblies with internal 
fluid-tight sealed channels having environmentally-sensitive elements. Such method comprises 
5 ' assembling together substrate components with an environmentally sensitive elmient incorporated in 
an internal channel, e.g., embedded or fomied therein. The substrate components are then selectively 
welded together, preferably using IR radiation, to establish a fluid-tight seal along the periphery of 
the internal channel. - Selective R welding offers protection to the environmentally sensitive 
components because the substrate components are not heated in bulk to the welding temperature, 
10 thus the environmentally sensitive element incorporated therein is not heated to such temperature, hi 
preferred embodiments, the bulkmaterial of the substrate components adjacent to the location of the 
selective IR welding can act as a heat sink, thereby providing thermal protection to an 
environmentally sensitive element near the site of the selective welding. Thus, the method in 
accordance with this aspect enables the sealing of channels, such as micro-channels in fluid-handling 
15 substrates, without destroying the environmentaUysensitive elements contained in the ch^ 

fluid-tight ch a nn els, in which environmentally sensitive elements can be incorporated without 
thermal damage, are especially advantageous in enabhng fluidrhandling substrates to be produced for 
use in a wide variety of appUcations including, for example, hquid chroihatography and other fluid ■ 
analysis, chemical and biochemical testing, detection and sensing and detection processes (in some 
•0 cases referred to collectively below as fluid testing or as fluid analysis). It is also an advantage of at 
least certain embodiments, that fluid-tight sealing of the channels is accomplished without use of 
solvent or adhesive joining, thereby avoiding the problematic aspects of those methods discussisd 
above. ■■ " ■ • "-v ^ 

In accordance with additional aspects, substrate assMiblies are providied having selectively 
5 welded joidt or interfacial areas between the substrate and ah extemal component mounted to the 
' . substrate with a fluid-tight seal at a port in a surfac& of the isubstrate. Such e3d:emal component 
(referred to in some -ihstaiices here as a component-6ii-bbacd),'^'as disclosed- above, can 
advatntageously provide any of numerous functionalities to the -fluid-handling substrate. For 
example, the component-on-board can act as a'fluid reservoir, a detector, an analyzer,:a separation 
- 'conduit cartridge, or serve other roles: The cbmponent-on-boardmaybejpermanently attached to the 
.c- .'fliud-handlmgisubstrate or may be a removable comp6nent-on-board,' which is refMred td iasome 
instances below-as a swqjpabld con^'onmtKmrboaii swappable cdiriponeni- 
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■for increased functionality of the fluid-handling substrate. For exanq)le, a first swappable 
component-on-board might be an apparatus for introducing a fluid_into the fluid-handling substrate. 
After introduction of the fluid, the first swappable conq)onfint^n-board mi^t be replaced wilt a 
second sw^abie component-on-board, e:g. a detector, for. analyzing the introduced fluid. The 
ability of a fluid-handling substrate to interfece. with multiple difEerenttypes of external components 
expands the potential applications where a fluid-handling substrate may be employed. 

In accordance with another aspect, a fluid-tigjit seal betweenthe coirq)Qneiit-on-board and fhs 
substrate is formed by assembling the external component to the substrate (e.g., to a substrate 
component which can subsequently be joined with other substrate components), followed by 
selective welding to fonn the fluid^tight seal between them. OptionaUy one ormore gaskets.^ 
to provide an additional device for facilitating a fluid tight seal An assembled fluid-handling 
substrate is provided tha:t contains a port in communication widi the surface of the substrate. The 
component-on-board communicates with the fluid-handling substrate and any internal channels and 
environmentally sensitive components wifliin the substrate/tbrough the port The componesit-on- 
board .is fixed to the substrate using any of numerous methods for attaching .flie componaits-on- 
board to flie substrate, e.g. preferably. selective IR welding is. used. Selectiye;IR welding at the 
interfece of the port aiid tiie component-on-board can provide pemianent , attachment of the 
coti^onentTon-board to the substrate and create a fluid-tight seal at die port/component interface. 
Additionally, the selective IR welding of the component and the port prevents damage to any 
environmentally sensitive components contained within thefluid-handling substrate and prevents 
damage to sensitive components contained, within the component-on-board, 

hi accordance witii another aq)ect,. a fluid-tight seal between a swappable (i.e., non- 
pennanenflymounted or removeable witiiout damaging or destroymg flie rest of the substrate and/or 
.fiM-component-on-board itself) component-on-board and the substrate is formed by assembling the 
external component to tiie substrate (eg., to .a removable substrate. component which can 
•subsequently bejoined.witii other;substiate conqjonents), through one or niore connectors on the port 
■of the substrate and one or more connectors on tiie sw£?>pable component-on-board. An assembled 
.fluid-handlmg.substrate.;is provided, that contains a port in cprimumcatipn with a surface of the 
• substrate, e.g. any major-or minor, surface of flie. substrate. The port comprises one. or more 
comectors for attadimentto.flle sw^able qomponent-on-bqard,.e.g:-a.female, connector .on the 
-substrate fliat is operative to,accept ^ coi?.ponentipn4)oardiiaving amale coimector.: The swappable 
=^cpinppneijtT<fflrboMeo°^^ wi&theflmd-iandlgg:?^^^ and 
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environmentally seiisitive components within the substrate, throu^ the port. As discussed above, 
the swappable component-on-board may contain one or more connectors for interfedng to the fluid- 
handling substrate through the port. The comiectors of the port and swappable compbnent-on-board 
maybe any connector known to those skilled in the art, such as afemalecomiector on the port and a 
5 male connector on the swappable contponent-on-board, or vice versa, l^on connecting the 
swappable componerit-6n-board to the port, a fluid-tight seal is created. Therefore, fluid 
communication can occur between the swappable componeat-on-board-and any internal channels of 
the fluid-handling substrate without leakage of the fluid. This aspect is especially advantageous, 
since the amount of liquid introduced or contained within the fluid handling substrate might be very 
10 minimal, for example 1 5 microliters or less, and inadvertent loss of any fluid may result in reduced • 
ability to detect species contained in the fluid. ~ • ■ . " 

In yet other aspects, the fluid handling devices disclosed above comprising a multi-layex 
laminated sub strate are einployed in combination with features and aspects of one or more others of 
them and/or other features and aspects suitable to a particular use or environment in particular, 
5 exemplary of such other features and aspects, any or all of the following may be advantageously 
integrated into the fluid handling device. Electrical interconnections can' be provided between 

• • components, of the device and to an I/O port for datacommunication with an outside device. Surface 

interconnects, e.g., silk screened leads, soldering, conductive epoxies, wire bonding and tape assisted 
• bonding, or 3D interconnects passing through the substrate can be used. Programmable controllers 
) can be integrated into the fluid handling device to control heaters, pumps, sensors, memory chips, 
etc. Optical interconnections can be provided betweeiacbmponents of the device and to an JJO port 
for data communication with an outside device. Optical interconnections can.be provided via 
waveguides, fiber optics, free space IR transmissions, etc. Surface interconnects or interconnects 

• passing through the substrate can be used. It will be within the ability of those skilled in the art to 
incorporate these and other components and functions into the fluid handling devices disclosed here, 

■ given the benefit of this 'disclosure. ' • - • - • • '^^-^ 

- Brief Descnptioh of the F^ures - - 

Certain preferred embodiments will be described below with reference to the attached figures in 
. which: ' • - - * * - 

Figs, la-lc show several configurations of afluid-Bandlingdeviceor substrate^'Afiistplastic 

■ * piece lOandasecoridpiasticpiece'll lw.veb"een weidedtogeiherb^ 
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the plastic pieces or by irradiation of an optional EM absorbing substance 12. The substrate 5 
contains .a channel 13 formed by welding of the two plastic pieces together. Optionally contained 
. within the channel 13 is an enviionmoitally sensitive element 14. The substrate 5 may also contain 
ottier channels formed ftom welding tiie.plastic pieces together. For exanq)le, a second channel 15 is 
5 in close and continuous contact with an embedded microdevice 16. A port 17 provides 
conmmnication from the channel to the top or bottom planar surfece of the substrate. Additionally, 
an external device may be condected to the fluid-handling substrate through the port. An optional 
gasket 1 8 maybe used to enhance the fluid-tight seal around the channel An optioDal EM absorbing 
layer 19 may be placed anywhere along the surfece of the substrate. In Fig. lb, the multi-lajrer 
10 laminated substrate comprises ti^ee layers, preferably witii amiddlepolymerlayer. The outer layers 
may comprise fingers or projections into the middle layer to prevent any polymer creep, as shown in 

Fig. Ic. . ' 

Fig. 2 shows several possible configurations forthe channels foimedftomweldingthe plastic 
pieces together. Possible configurations inchide, but are.not limited to, senii-<arcular 21, rectangular 
15 22, rhomboid 23, and serpentine 24. - . . ■ . 

Figs. 3a and 3b show one possible configuration for assembly of the fluid-handling substrate. 
* The resulting channels and any internal components have been omitted for clarity.. The welding of 
the plastic.pieces is done first by aligning the planar surfaces of the plastic pieces 10 and 1 1 using a 
: mechanical device, such as an alignment stage, as shown in Fig. 3a, . In this embodiment, plastic 
20 . piece 10 is capable of absorbing the incident, radiation, whereas plastic piece 11 is . energy 
• transroissive. An EM beam 3 1 is q)plied through the surface of tiie transmissive plastic piece, as 
I .shown in Fig. 3b. Heating oftheEM.opaque plastic piece results m welding of the two plasti 

;^togefh«^ ' : : ^ . . . 

■■ . Figs. 4a-4c show another possible configuration for assembly of a fluid-handlm^ 
25: .. In this embpdimOTt.bpth plastic pieces 10 .and 11 are 'EM transmissive, A coating of an EM 
absorbing substance 12 is first apphed to the planar surface of one of the plastic pieces, as shown in 
Fig. 4a. The plastic pieces are then aligned using a mechanical device, as shown in Fig. 4b. An EM 
beam 3 1 is applied to the smfece of one of the transmissive plastic pieces so that radiation is incident 
onthe coating,.as shown in Fig, 4c, Heating of tiie EM coating results in welding of the two plastic 
30 pieces together. 

- Figs-.5a-5c show another possible coufigurationior. assembly of th^ 

H'.,^ where pTqtBctmg;m 
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The stacked plastic pieces 1 0 and 1 1 caa be masked with aa EM absorbing substance 19, as shown in 
Fig. 5a. The pieces may optionally be aligned, as shown in Fig 5b. Only the unmasked portions are 
exposed to the EM beam. 3 1 (see Fig. 5c) and, therefore, only those locations are heated to seal the 
plastic pieces. In this configuration, it is desirable to use a gasket to enhance. the effectiveness of 
5 . the fiuid-tight seal. 

Fig, 6 shows a fluid-handling substrate witii a fixed external component The extemal 
component 50 is mounted to the substrate through a port 17. The extemal component may comprise 
any external device including a detector, a computer, or other electrical or mechanical devices. The 
extemal component 50 is in liquid communication with an internal channel 13. 

Figs. 7a and 7b show a possible configuration for assembly of a fluid-handling substrate with 
a fixed component-on-board. In Fig. 7a, the component-on-board 50 is mounted to the assembled 
fluid-handling substrate 40. Selective IR .welding using an EM beam 3 1 is then used to weld the 
component and the fluid-handlmg subs^^^ • 

Fig. 8 shows a possible configuration for a fluid-handling device having a swappable v 
component-on-board. The removable extemal component 60 comprises one or more connectors 65 
for attachment to a fluid-handling.substrate 40. The flmd-handling subslxate 40 also has one ormore 
connectors 66 for attaching to the component 6P. Upon attachment of the component connector 65 
to Ihe fluid-handling substrate connector 66, a fluid tight seal is created. The swappable component- 
on-board may be in Hquid communication with an internal cavity and any environmentally sensitive 
. components contained therein. . . , • \. : : j.r 

Fig. 9 is an exploded,view of a preferred embodiment, wherein an on-board operative 
component is mounted to a multi-layer laminated subslxate via adhesive and gasket. 

; Fig. 1 0 is an exploded view of another preferred embodiment; of the fluid handling substrates 
disclosed. here. . : • . - ; - . 

, , . . . Figs. .1 1 A and 1 IB together fbnn. a schematic diagram of a microfluidic substrate assembly 
i.e.,. a fluid. analyzing device incoiporating a microfluidic substrate assembly 130, (labeled as an 
"analytical cartridge"), in. accordance -with .the iavehtion,.-comprising a multi-layer laminated 
substrate,. . ^ . . ,.^v :■ .t ■ ' ' ■•■ ■ : v^:, 

Fig. 12 is a. perspective view of a multilayer, lamiiiated substrate in accordance with a 
prefered embody sho^m in^expb^ view, pariiaHy broken awa^^ an on-rboard component 
^and theimoplastic/ele^ seatmg the gnrboard component J v " 
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Fig. 13 is first' embodiment of an analytical system in communication with a multi-layer 
laminated conduit cartridge, in accordance with preferred embodiments. 

Fig. 14 is a multi-layer laminated manifold in fluid cornmunicatibn with ia multi-layer 
laminated conduit cartridge, in accordance with preferred embodiments. 

Fig. 15 is a multi-layer laminated manifold in fluid communication with a multi-layer 
laminated conduit cartridge and with a device for generating fluid flow, in accordance withpreferred 
embodiments. • - \ 

Fig. 16 is a second embodiment of an analytical sj^tem in coromunication with a multi-layer 
laminated conduit cartridge. 

It will be recognized by those skilled in the art that the multi-layer laminated substrates 
shown in the figures are not necessarily to scale. The dimensions of the substrates may have been 
enlarged relative to the dimensions of an analytical instrument or a component-on-board, for 
example. Additionally, reference to orientation, e.g. top, bottom and the like, is for convenience 
purposes only and is nof intended to'limit the disclosure in any manner. One skilled in the art given 
the benefit of this disclosure will be able to select and desi^ substrates having- dimensions and 
geometries suitable for a desired iise and suitable for use in any orientation. 

Detailed Description of Certaiia Preferred Embodiments " 

Numerous embodiments of the present invention are possible and will be apparent to those 
skilled in the 'art given the benefit of this disclosure. ' The' detailed description herein, for 
convenienbe,. will focus on certain iUuistratiye' and exemplary ^bodiments. The multi-layer 
laminated substrates disclosed here, in embodiments operative to fiinctibn in a Uquid separation 
meiiods such as liquid chromatogr^hy (LC) or the like, will perform, or be adapted to be integrated 
into-a fluid handiing device which pefforchs typical liquid separatidn stqps, includiagbutnot liimted 
to filtecing,' concentrating; separating detectihg,- for beam tte 
"'substrate' ihay' be packed'-with suitable- media for' cl5?omatog^ e.g.; HPLC 

separatioiL Removeably or pexmanenfly mounted coniponents-oh-board may carry and deliver 
solvent, bufifer,- reagent, :etc: ' Filteriiig and cdncentratiug -can also" be perfoimed by the microfluidic 
siibstrate assonbly* In certaiii'preferced embodiments,* the micro assembly noay be 

cartridge-like, pluggiDg intda lirg^ ftuid'separa^ that 
performs maiiy of these operatioris. In other embodiments, flie nddroflmdic substrate itself can be 
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used in any of numerous devices. For example, in embodiments that are 3 J4 inches by 9 i4 inches, 
the cartridge maybe suitable foruse as a pumping manifold, e.g. pump heads, degasser, flowmeters, 
. ' as injector manifolds, e,g, injector valves, pressure sensors, detector flow cells, and as pre- 
concentrationmamfold, e.g. flow-switching valves and pre-concentrators. In embodiments that are 3 
5 Vi inches by 4 Vi, inches, the substrate assemblies may be useful as a screening manifold, e.g. reagent 
. , and sample flow switching valves, mixers, reactors and the like. In embodiments that are about the 
. size of a PCMCIA card, the substrate assembles maybe use&l as capiUaiy electrophoresis cartridge, 
e.g. CE columns, as conductivity cells, as sensors, as valves, as pre-^oncentration cartridges, e.g. 
valves, pre-concentration units, sensors, etc., as dynamic field gradient focusing (DFGF) cartridge, 
10 e.g. DFGF units, valves, sensors, and the like, hi embodiments that are 3/8 inches b 1 inch, the 
substrate assembHes may be useful as sensors chips,, e.g. pH, p02, pCCb, dissolved p02, dissolved 
pC02, salinity, conductivity, nitrate and phosphate sensors, as mixer chips, e.g. active ultrasonic 
. mixers,, and may perfomi any unit operations required by a separation system or other, analytical 
device. Additionally, the substrate assembhes may be stainless steel for high pressure, may have 
15 rigid side waUs or integral, ridges to prevent polymer creep, may fit into a bed of a robotic handler, 
e.g. a robotic fluid handler, may be plug, and play, and may^have numerous fluid and electrical 

connectors, as discussed here. .. .; 

It ;vvill also be understood by those sldUed m 
may be chosen to provide additiond %ictionahty to the substra^ For 
20 example, the component-on-board maybe operative toinduce flow in a microchannel ofthemulti- 
layer laminated substrate endosmotically or by electrochemical evolution of gases. The components- 
on-board may be operative as microfluidic devices, such as a fitting (e g. tees, unions, bulkhead 
unions, expanders, reducers, etc.), a mixer (e.g. static, active, ultrasonic, etc.), a reactor (e.g. plug 
. ..flow, stirred tank, packed bed,. coated wall, etc.), an injector (e, g. a-.valve typically with a san^le 
.25 loop), a.yalve (e.g. rotary, sliding,. spool, globe,. gate, ball, diaphragm,.etc.), apump (e.g. di^hragm, 
.V •.• . piston, bellows, etc.), a compressor (e.g. centrifugal', bellows,.piston,^ etc,),,an ultrasomcbed (e.g. 

suspended particles, other combinations, etc.), an extractor . (e.g. liquidrliquid, gasrliquid, gas-gas, 
^ . • t^5^{^."''^^^^f^?-)^?P^P5rO^^^^ a pynamic. Held Gradient Focusmg. (DFGF) device, may 

include oneormore didysis chambers, absorption chambm 
30 .sq)^ting support to monitor mass transfg:), a metaboHtes charnb (e;g. for monitoringinolecular. 

^^'^''^'^^^JP'^'^^ toxii^.P£^iie.by-pi^du 
. as a 
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considered as a component-on-board of another microfluidic substrate, e.g. a multi-layer laminated 
substrate conduit cartridge for example interfaced with a multi-layer laminated manifold attached to 
an analytical s^^tem. The microfluidic substrate assembly may be retained securely engaged in a 
receiving socket or the Me in such larger fluid separation analysis device in various ways including, 
by way of example, a clamp or ^pressure plate mounted on the larger device, maintaining good 
surface-to-suiface fluid-tight sealing between the confronting device surfaces, or by appropriate 
dimensioning the device relative to the receiving socket to fiictionally retain the devices therein. 
Given the benefit of this disclosure, it will be within the ability of those skilled in the art to select 
operations, e.g., separations methods, sensors and other testing, to be integrated into the microfluidic 
substrate' assemblies disclosed here, and to determine which operations, e.g., filtering, are to be 
performed by other devices. Cartridge-like embodiments intended for temporary use preferably are 
adapted to be inserted into a correspondingly configured socket or the Hke in a fluid analysis device. 
Flmd-tight fluid supply conriections and any necessary electrical and electronic connections canbe 
established in the socket by including a suitable electrical connector, e.g: PCMCIA connectors, on 
the substrate. It will be understood firom the above, that excellent flexibility and a wide variation in 
the level of integration is provided by the technology disclosed here. Any fluid handling or 
processing steps not performed by the microfluidic substrate assembly is instead performed in 
accordance with well known technblogy by equipment associated with the cartridge. The following 
detailed discussion of certain preferred embodiments assumes, generally, that the microfluidic 
substrate assemblies are' en:q)loyed together with (i.e., connected to) suitable associated devices to 
perfomany operations not performed by the micrbflm substrate assemblies, and that inpreferred 
embodiments the microfluidic substraite assdnblyis received into a supporting socket in such de\'ice 
' to establish fluid, electrical^ electronic, optical aad/br other connectidns called for by any particular 
application. The following: discus'sion'is' ialso directed enibodiments where the microfluidic substrate 
assemblies are use, either alone of in combination with otter bdinponents, systems or instrument, to 
perform liquid chroinatdgraphy niefhodS. "One skilled m the art jgiveii the benefit of this disclosure 
will be able to use flie mdrofliiidic substrate assambKes'discldsed here forthese and: oilier iises. 

- ' fi wiUbemderstoodby those d^ 
' may comprise nmnef ouk differsatSzes and geonaetries, for ex"mq)le, the substrate assemblies maybe 
about.3-% inches by:abdut-8 }4 inches^ 3 %niches*by'9 J4 mches,'3 inches^by-4y4 mches, 5/8 
mches by I ioch, 4 iiiches by 6 infehe1Corthe.caitiage m^ have the dimefnsibns of apostagb stamp, 
-'aPCMCIA cardj'mdTcredit ca^^ ' 
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" view of this disclosure. For example. Fig. 9 shows an exploded view of atop pM^ 
layer laminated substrate 101 ia accordance with the disclosure hCT^ An on-board component 106 is 
shown prepared for mounting to the layer or plate 1 02 using aa adhesive 1 06 and gasket 1 04 having 
' boss 107, The adhesive will bond to the gasket and to the top plate and component, in part through 
5 adhesive interface voids 1 05. Port 1 03 in the top plate will provide fluid communication behvesn a 
correspondingly positioned port in the component (not shown) and a microchannel (not shown) in 
the substrate. The gasket boss 1 07 forms a seal around the port and insulates the adhesive from any 
adverse contact with the sample fluid. In certain preferred embodiments, thermoplastic materials are 
used as thenno-processed bonding interface materials. The thermoplastic PEEK has good adhesion 
10 properties to many of the materials found in cormnercially available operative components and 
provides good chemical and solvent inertness. The melt processing of a PEEK, or other 
thermoplastic bonding layer, preferably is controlled and localized to the fluidic junctions being 
formed. Light-activated adhesives can also be used such that the adhesive joins one or more layers 
after a suitable Hght source is incident on the adhesive. The light activated adhesive can be applied 
15 locally, e.g. to an area to be adhered, or can be ^plied to the entire surface of one or more layers. 
The bonding layer may also be required to maintain the geometry of the fluidic junction. Flow of the 
polymer during the melting stage is controlled to prevent closure of the jimction. Thermal resistance ^ 
welding canbe used, for example, in' conjunction with PEEK welded joints and can also be used to 
form the fluidic junctions between the substrates and on-board components. Suitable resistive 
elements for such fliennal resistive welding can be defined accurately using thin or thick fflm 
technologies, and are capable of raising localized temperatureto above &e melting point of PEEK. 
Heat dissipation is also localized. These resistive elements are planar and can be readily coated with 
films of PEEK or other suitable thermoplastic. The material of the resistive element is chosen to 
provide good adhesion to the thermoplastic. Electrical activation of the resistive heater elements is 
reaidilyperfomied in accordance with known.techniques during typical m:ass production operations, 
and discussed further below in connectibii with Fig. 12. Electrical .structures at the fluidic port 
preferably surround the port, arid a layer of thennoplkstic sufficient to establish the necessary seal is 
disposed onto the resistive heater in a pattern clear of the opening. . The on-board component to be 
moimted to the substrate is accurately positioned, using mechanical devices such as an alignment 
stage, for example. The heater elisinent is then aictivated tcmelt the.thermoplastic. ' The component 
• • is prbsedonto the iiubstrafe surface to estabhshinfi^ The 
* -power to the heater • element is then reinbved and the-smalL quantity lof heati generated during tiie 
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UVA^isibie absoibance flow cell, a fluorescence flow ceU, a conductivity flow cell, an 
electrochemical detector (e.g. amperometric, cyclic voltammetry, etc.). a plasma detector, a mass 
spectrometrydetector(e.g. electrosprayMS source, quadrapoleMS.particlebeamMS source, glow- 
discliarge MS source, chemical ionization MS source, plasina MS .source, micro-Ion tr^, 
5 electrosprayplusmicro-lontr3p,ortiine-offligfatl^deteotof),aiidtheli3!:e. Tlie components-on- 
board may be operative as asensor, such as a flow meter.apressure transducer, a temperature sensor 
(e.g. thermocouple, resistance temperature detector (RTD)), a chemical sensor (e.g. pH,DQ2,DC02, 
salinity, conductivity, nitrate, phosphate, etc.) a capillary electrophoresis sensor, an acoTistic sensor, a 
color sensor, an optical sensor, a bar code sensor, a photolliemial sensor, a photoacoustic sensor, 

,10 RFID tags, other Smart tags, and the like. The components-on-board may be operative to perform 
the function of numerous chemical devices andapparatus, such as reagent vessels, solvent degassers, 
separation columns (e.g. LC, CE, MEKG, etc.), iso-elechic focusing columns (with or without 
ampholytes), size-exclusion columns, ion-exchange columns, affinity columns, solid-phase 

■ . extraction beds and the hke. The components-on-board may be operative as filters, such as apacked 

15 bed, sieves (e.g. molecular sieves), fiits, depth filters (e.g. a channel stepped at increasing or 
. decreasing depths), a self-cleaning (e.g. back-flushed) filter, and the like. The components-on-board 
. maybe operative to perform innumerable other chemical and physical operations such as distiilation, 
. flash vaporization,.to provide an orifice for apressure drop, as cocurrent extraction or reaction beds, 
.as countercurrent extraction or reaction. beds, as heaters, heat exchangers, coolers, momentum 
20 . . separators, as magnetic field generators, as electric field generators, and the hke. One skiUed in the 
art given the benefit of this disclosure will be able to select these and other components-on-boardfor 
assembly to the substrate assemblies disclosed here. 

In accordance with certain prefenred embodiments, as disclosed above, a nucroscale fluid 

• flow channel is in fluid conimumcatidn with at least one operative component mounted aboard the 
25 . multi-layer laminated substrate.. .The on-board component can seat and seal;to any surface of the 
•.substrate. In embodiments comprisingplastic substrate layers sandwichedbetween steel, aluminum 
or other rigid plates, which are especially weU.suited.for high pressure appKcations not previously 
• .• thoughtq>propriateformimaiurizedfluidmanifoldsemployingplasticc^^^ 
v channels^ the on-board conq)onent.can seat and seal to an outside surface of .onepf the metal plates. 
-30 • Also, such components caniseal to inner layers ofthe substrate through an outer sandwiching pk^^ 
- :Mountingand:sealingcanbeaccomplished.nsingmechanicaiattachmentdeyices, adhesives,-gaskets 
^,mdany:conajina±ioniofthese;andoaerm6 
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mounting operation is dissipated into the component and the substrate and the thermoplastic 
interface solidifies to form the bond. Fig. 12 shows the outer surface 140 of a multi-layer laminated 
substrate 142 iaaccordance-with the present invention. Surface electrical leads 143, 144 are seen to 
extmd fiom heater electrical contacts 145, 146 to electrical resistive layers 147, 148 provided at 
5 fluidic ports 149, 150, respectively, on outer surface 140 of the substrate 142. 

Thus, in a typical assembly operation, first and second components to be mounted to the 
multi-layer laminated substrate 142 are positioned at fluidic ports 149 aad 1 50, respectively. Upon 
applying electrical energy to the leads 143, 144 throu^ the heater electrical contacts 145, 146, the 
electrical resistive layers 147, 148 are heated sufiSciently to locally melt or soften thermoplastic 
10 material surrounding ports 149, 150.and thereby to bond and seal the on-board component mounted 
at that location. One skilled in the art given the benefit of this disclosure will recognize that other 
devices aad methods can be used to assemble the substrates and.to assemble the components-on- 
board to the substrates, such as the methods discussed below. 

in accordance with certain preferred embodiments, an alternative approach employs an 
15 intaface gasket, which preferably comprises conical fluidic connections somewhat similar to the 
ferrule type fluidic connections in conventional HPLC and the ferrule connectors described in the 
commonly assigned U.S Patent Application incorporated herein by reference. Such features 
preferably are located on both surfaces of the gasket at the location of the fluidic junction of the on- 
board component and the substrate. During assembly, the component and the gasket are aligned onto 
20 the substrate and the gasket sandwiched under pressure between the component and the substrate. 
This forms a seal around the fimdic junction. MinimiziDg the area of contact between the gasket and 
the substrate or the component reduces the need, for excessive localization pressures' during 
component mbuntmg. With the clamping pressure still in place, the position of the component can 
then.be fixed by introducing an appropriate^ adhesive between the component and the substrate, 
25 Holes through the gasket would allow the adhesive to contact the component and substrate surfeces. 
After curing of the adhesive, clamping pressure can be renioved UV 'assisted curing resins allow 
• .shorter assembly processed time. (See discussion of Fig.: 10,) .A variety of techniques can be 
employed to provide electrical connections (for power and/or signal transmission) between- an on- 
board component..and the substrate, 'including sonic wire bonding; TAB bonding solder or 
30. conductive epoxy bumps, z-access electrical interconnect materials, etc: 'Suitable alternative bonding 
and electrical interconnect materials and designs willbe apparenfto tho'se skilledm the art given the 
•benefit of this disclosure: The assemblyprocess4escribed*above can bptiohaU^ automated, and 
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many of tte techniques are in iise for SMT and flip-chip bonding operations. Suitable automated 
assembly operations wiU be ^paraif to fliose skilled in the ait given the benefit of thSs disclosure. 

In accordance with certain preferred embodiments, an operative conq)onent fixedlymoirated 
to tbe laminated substrate is operative to pass fluid to or to receive fluid from- amicrochaimel of flie 
substrate. Such embodiments have appHcation, for example, as highly advantageous microfluidic 
substrate assembUes for LC or other liquid separation devices, wherein the on-board component can 
serve as a reservoir for eluting solvents, buffers, reagents, etc. It will be understood ftom this 
disclosure, bowever, that communicationbetween flie microscale fluid flow channel and an operative 
component mounted aboard the multi-layer laminated substrate need not necessarily be fluid 
communication nor involve the flow of sample fluid between them or the discharge or injection of 
any liquid or other fluid from one to the other. On-board components in accordance mth certain 
embodiments can.comprise devices for generating fluidpressure in a microchannel of flie substrate, 
such as the high pressure observed in HPLC systems or the like. Suitable devices wiU depend, m 
part, on the specific use intended for the. microfluidic substrate assembly and include micro- 
einbodiments of so-caUed wax motors also known as thamal actuators, heat capacitance motors or 
wax valve actuators. Such operative components generate pressure by the physical expansion of 
paraffin wax or the hke as it changes from soHd to liquid when heated within an enclosure such as a 
cylinder. The expanding wax is converted into mechanical force which causes translation of apiston 
slidabiy mounted within the cyhnder, thus creating hydrostatic pressure. Such devices are known, 
although their use in microfluidic substrate assembhes as disclosed here has not heretofore been 
suggested oir recognized. Exemplary such devices include those, disclosed in U.S. Patent No. 
5,222^62, U-S-JateptNo - 5,263,323,.U.S..PatentNo.:5,505,706, andU.S. PatentNo. 5,738,658, the 
entire disclosure of each of these patents being incorporated herein by reference for all purposes. 
•The fluid communication between the substrate microchamel and such actuators or like 
:components-on-board integrated with the multi-layer lamiimted substrate allows fte fluid in the 
microchaimel' to be acted upon directly, and physicaUy. It will, also be. recognized from this 
disclosure, that in certain embodiments the operative component(s)-on-board integrated with the 
multi-layer laminated.substrate may be in fluid communication so as to directly contact sangjle fluid 
or other liquid in the anicrochaimeL Exen5)lary of such devices are hspellant devices, for example, 
.anyof various micro-puir?>s, suchas micromachinbdpunips, di^hragm pumps; syringe pungis, and 
volmne ocdusion pumps. Qther- suitable pumps include a piezoelectric-diiven siKcon micropump 
:ihat is. bubble .and particle:MeEant^tod.capable of.pmnping..]iquids;at l- miifeiin flow rates and 

■ •- 22 



wo 02/28532 



PCT/USOl/31333 



conunercially available from numerous , sources such as EhG-IFT (Munich, Germany). Other 
pumping devices which can be employed as. an- opraratiye component-on-board in various 
/ embodiments of the microfluidic substrate assemblies disclosed here include endosmotic induced 
• ' ; . flow devices, devices: which pump by electrochemical evolution of gases and other pumping devices 
5 well knovm to those skilled in the art. 

In accordance with certain preferred embodiments, other operative components suitable for 
mounting abpard the multi-layer laminated substrate will be apparent to those skilled in the art given 
the benefit of this disclosure, and will depend in most cases largely upon the application or use 
intended for the microfluidic substrate assembly. Exemplary of such other operative components are 
10 . . sensors for detecting or measuring a property or characteristic of fluid in the microchannel, or of a 
■ fraction or component of the fluid. Such sensors include, e.g.,. spectrographic sensors, such as 
. .. sensors which comprise a light emitter passing Ught through a substantially transparent window or 
section of the microchannel and a light detector arranged opposite the emitter to receive and in some 
cases measure light. Such sensors and detectors, e.g. flow-cell detectors, are known although their 
15 use in microfluidic substrate assemblies as disclosed here has not heretofore been suggested or 
recognized. Other sensors may include, for example, silicon based miniaturized devices for 
electrochemfluminescent detection. The use of sensors as needed in microfluidic substrate 
assemblies disclosed here will be apparent to those skilled in the art given the benefit of this 
disclosure. Also exemplary of such other operative components which can be mounted to the 
laminated substrate are acoustic transducers and reflectors and.the like. Here, again, such devices are 
known, but their use ia microfluidic substrate assemblies as disclosed here has not heretofore been 
suggested or recognized. Acoustic components suitable for generating a standing wave ultrasonic 
field transverse to the direction of flow in a microchannel are disclosed, for example, in Bitemational 
Patent AppHcation number PCT/GB99/023 84, the entire disclosure of which is incorporated herein 
.by reference for allpmposes. Forexample, such devices can be operative in certain embodiments of 
. . the microfluidic substrate assembUes disclosed h^e, when needed, toxoncentraite parti • 
to trap particles against a.flow ofsuspending fluid. ^The. above mentioned and other components 
which are generally commercially avaflable provide the-buHding blocks of integrated systems in 
accordance with the present disclosure, for performing simple or complex chemical analyses.. Today 
micro-pump- technology encompasses devices- febricated . from" a range:6f materials including 
' polymers, and using methods that are.mass fabrication compatibie:.Curreatpumpprototyipes deliver 
:-bothhquids-and:gasses (including chem ' 
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min or less, are bubble and particle tolerant and can self-prime. These pumps are. now one 
component in an impressive array of devices that cover almost the entire spectrum ofliquid handling 
requirements. This library of devices include but are not limited to mixers, filters, stream splitters, 
injectors,' droplet ejectors, solid phase extractors, liquid/liquid exchangers, micro-reactors," micro- 
chambers, inicro-valves and de-bubblers. For example, micro-nozzles febricated in silicon for 
droplet formation and ejection can be used. In addition, there have also been some impressive 
developments resulting in flow meters capable of nanolitre precision, pressure sensors and 
temperature sensors. Micro-detectors also.are available. For LC appKcations, several devices have 
been described. A few examples include electrochemical detection based on conductimetric, 
voltametric, redox, electrochemiluminescent, atonuc emission and calorimetry detectionprinciples. 
Other well known detection methods known to those skilled in the art may also be performed, fii 
addition, roiniaturized sensors with active sensing areas of a few microns can also be envisioned as 
detectors for LG applications. . ' ' " • 

In accordance with certain preferred embodiments, the fluidic connections present between 
the substrate (which can be viewed as and may be referred to as a manifold) and the various 
operative components typically fall into two main categories: . . ; - 

- . • L Critical connections requiring zero dead volume and optimized flow characteristics. 

2. . Non-critical connections that , do . not xequire zero-dead volume interfaces or 
. optiinized flow-through characteristics. • 

Thescfluidic connections preferably allow the assembly of a variety of components that may 
notbedesigned specifically for the substrate. Inmany cases conq)onents may beprovided that have 
a flat surface tiiat can mate with the. substrate, and holes in this surface that.provide the fluidic 
connectiorL Olher-.components .may require alteration to allow, compatibility with the substrate. 
Alterations invoLving.adding adaptor structures that .convert the native format of tiie device to the 
format requiredby the substrate. Alternatively, a redesign of the component may also be possible, 
and most cost- efcective;:-: -.-..^ r;- - . - . ' f r . ' - - '* 

. Maccordancewithcertainprefeired embodiments, it wiUbeunder^ 
.laminated .substrates 'disclQsed^here-are fluid-han^ devices or components of fluid handling 
devices; in:wliich.layerste;a5sembledmtQ^ fluidmiCToghamels and 
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typically additional features. The two or more layers are stacked one on anotier with surface-to- 
surface bonding at their major (i.e,, large) sur&ces, e.g., by thermal welding, solvent welding, 
thennal resistance welding, focused or unfocused IR welding, adhesives, etc. If adjacent substrate 
layers to be joined have dissimilar thermal conductions (e.g., silicon and PEEK), then thennal 
bonding of these layers maybe suitably accomplished by methods not requiring the heating of the 
entire mass. Heat can be introduced to the interface by applying it to the high thennal conduction 
' material. The stacked layers preferably are substantially co-planar, optionally bemg curvo-planar or 
having other configuration, with one or more microchannels of the laminated substrate being formed 
at the surface-to-surface ihterfece of adj acent layers, such that the bonding of the layers to each oSier 
forms the closed cross-section of the microchannel, i.e.. forms a fluid-tight seal along at least amajor 
portion of the longitudinal run of the channel, ' 

In accordance with certain preferred embodiments;the fluid handling devices disclosed here 
maybe conveniently constructed by forming the flow passages in the surface of a suitable substrate 
layer, such as a layer of flexible or rigid plastic or other materiat and thsa laminating the adjacent 
layer to the j&rst layer. Micromachinin'g technology is known, which is suitable for the manufacture 
of at least certain embodiments or certain portions of fhemicrofluidic substrate assemblies disclosed 
here, having elemaits with minute dimensions, ranging from tens of microns to nanometers. A 
portion of one or more substrate microchaimels maybe formed in one brmore of the substrate layets, 
such that the complete channel is only formed when the layers are joined together. The ipieces are 
joined together iii a fluid-tigjit manner to seal the channel, e,g., to form a closed (i.e., fluid-tight) 
* periphery for the channel, such as for the transport of fluids. Closing or welding the pieces together 
to form- and seal the channels can be accomplished in a number of known ways. One stich m^ethod 
involves assembling, i.e., positioning the pieces together and heating the asseiibly to the melting 
point, or at least the sofleniijg point, of one or both of the pieces (or all bf the piecK where more than 
two pieces are' assembled together). ' Adhesive methods also are known for assemTjlnig the 
miniaturized fltiid-handling substrates. Other methods will be readily qDparbnt to those sSdSitd in the 
art given the benefit of this disclosure." ' ' ■ • • • > /: > 

Jn. accordance with certain preferred em1>odlments, nricrofhuific substrate assemblies 
disclosed'here, having a multi-layer lamih^ed substrate, can be designed and febricated in' large 
quantities using known idicromachining methods. Such methodis include fiiin deposition processes, 
such as spin coating and chemical va^of depo'sition,^^ liasa: inachining or 'phbtolithogc^hic ' 
techniques, e.g. UV or X-ray pfocesses, etcfiinj^ methods, b.grael^Veactive ion etl^^ 
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be perfomed by erflier wet .chemical processes or plaana processes, LIGA processmg and plastic 
molding. See, for example, Manz et aL, Trends in Analytical Chemisby 10:144-149 (1991), the 
disclosure of which is incoiporatedharein by reference. More generally, the design and constraction 
of microfluidic substrate assemblies disclosedhere can commence with conrputer aided design of the 
device. (Optionally, rapidprototyping of the device canbeperfonned, e.g.,.i!sihglasermachiningand 
miciD-mniing to quickly produce small quantities. Production quantities are advantageously 
produced using LIGA and electrofoiming techniques to produce a master, such as a nickel metal 
master or a suitable die for receiving materials. . The mastar .can be used m the production of 
relatively large numbers of units through injection molding and embossing techniques. Finidied 
devices typicaUy wiU require additional production steps, such as coatmg, packing and Ming steps 
in accordance with known manufacturing techniques. . . 

In accordance with certain preferred embodiments selective weldiiig is accomplished by IR 
radiation. The substrate formed in this way has one or more intemal fluid channels, and may be 
essentially planar, or block-like in configuration. . Also, the substrate assembly may be welded or 
otherwise joined to other pieces or components, such as to form a cartridge to be averted into a 
corresponding so cket or port to foim fluid-tight seals with fluid hnes communicating with a process 
line carrying fluid to be analyzed or detected or the Hke. The selective welding of substrate pieces 
together, e.g., two or more planarplastic pieces to be stacked together and selectively welded to form 
seals establishing fluid-tight channels witinn the resulting body, utilizes IR radiation, laser or flie 
like, on the areas of the plastic pieces to be joined. This process is usually done by positioning two 
substirate pieces, m direct and continuous contact with one anotiier and subsequentiy exposing tiie 
pieces to radiation; 

Takingapreferred embodiment of plastic substirate layers to illustrate this aspect, one of the 
plastic or other material pieces may be transparent to the radiation while tiie otiier is opaque to 
radiation. Altematively a radiation absorbing material can be dispersed within one of tiie plastic 
pieces, eitiier selectively in tiie area to be welded or tiuroughout tiie body of tiie material forming tiie 
piece. Altematively a radiation absorbing niaterial. can be coated on tiie surface of one orbotiiof tiie 
piec.es, either selectively in the area to be welded.9r aU oyer. ,.Where selective absorption is not 
established, tiie use of focused . or .masked radiation or the hke can be ..used to accon^lish ttie 
selective welding. It should he.recognized tiiatselective welding. pf an interface between two 
■ substoatepieces assembled togeflierniayinsomeenibodimratsmcludeirradiationand^^^^ 
entire interfece. The disadvantages discusse4 sJjoye of tiiemial welding are still avoided, smce it is 
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not necessaryto heat tjfcie substrate assembly in its entirety to the melting or welding temperature. It 
, . is the joint region or interface-of the two plastic pieces that is exposed to radiation, forming the 
. . selectiveweld. AgainusingplasticsubstratepiecestoiUustratethisaspect,^^^ 

• beam protherradiatipn source caapass through atransparent plastic piece aad into an opaque plastic 
^ 5 piece. Melting of the opaque plastic piece results as the incident radiation is absorbed by the opaque 

plastic piece. Remoyal of the radiation results in cooUng aad formation of a weld between the two 
plastic pieces. ... . , 

: In published PCT application No. ..WO .00/20157, the entire disclosure of which is 
incorporated herein by reference for all purposes, a method of forming a . weld between two 
10 workpieces is taught, one of the pieces being opaque and.the other being transparent to radiation. It 
also teaches a. method of providing a radiation absorbiag material at the joiat region of the two 
workpieces, where both plastic pieces are transparent,, in order to form a weld between them. 
Infrared radiation (IR) bonding has been used to join plastic articles, as in U.S. F/N 6,054,072, the 
entire disclosure of which is iacoiporated herein by reference for all.puiposes. The use of such • 
15 techniques, in the methods disclosed here and the advantages in the method5,disclosed here will be 
apparent to those skilled in the art given the benefit of this.disclosure. - . . . 

. . In accordance with certain prefenred embodhnerits. Fig. la shows a cross-sectional view of an 
exemplary configuration of a fluid-handling substrate 5. The top planar surface, hereafter referred to 
..as the major surface, ofafirstplasticpiece lOandamajor.surfacebfasecondplasticpiece 11 have* 
20 .. been welded together by . irradiation of either the plastic pieces or of an. optional EM . absorbing 
substance 12 or both. The plastic components of the fluid-handling substrate described herein are 
preferably made of, butnot limited to, materials selected fi:om the group consisting of polysulphone, 
PEEK, polyfluoroethylene (PFE), polycarbonate, ceramic,. Teflon,, stainless" steel, 
polydimefliylsLloxane (EDMS), pyrex, spda-glass, CVp. diamond,. PZT,: silicon nitride, silicon 
25 . dioxide, siHcon, polysilicon, Au,. Ag, Ft, ITO, Al, and combinations of any. of them. PEEK is a 
, preferred material for the plastic:pieces and components to be iriade from because it is chemically 
inert, is .insoluble inmost common solvents,, and it is also.resistant to "attack by .a wide range of 

• organic and inorganic chemicals. PEEK has excellent flexural, .iinpact,.and.tensile characteristics. 
PEEKis especially advantageous because it has a low glass transition temperatm:e(Tg) andwill weld 

30... '.at a temperature that will not,:lead to the distortion, warping;' or destruction of environmentally. 
„ • .sensitive elements.c6ntained;within theplastic:pieces. AdchfionaHy;-PEEK.allows:foryisualiization 
* :^ -.during welding:procesSrandibr .v^^ 
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One or more additives may be included in fee materials-used in the fluid-haadling substrates. Far 
example, the additives may impart a desired color or other optical property to the flmd-handling 
substrate or may add strength to the materials such that the fluid handling substrate can be operated 
at higher pressures. For example, materials such as fibers, polymers, powders, caibon fill, carbon 
black, fiberglass, plastic and metal fibers, can be added to PEEK to provide increased streagfc, a.g 
mcreased streagth such that the fluid handUng substrate may be operated at pressure above about 
10,000 Psi. The substrate contains a channel 13 formed by welding of the two plastic pieces 
together. The cavities or chambers within the plastic pieces that form thechaniiels (after the plastic 
pieces are welded together) can be formed into the plastic pieces using any method knownin file art 
including, but not limited to, UV-embossing heat-embossmg, laser ablation, injectionmolding, CNC 
micro-millmg, sihc6nmicro-machining, focusedionbeammk:hining, wet etching, 
The channels can be of a large variety of configurations. For example, referring to Fig. 2, a wide 

. variety of channel geometries including, but not limited to,' semi-circular 21, rectangular 22, 
rhomboid 23, and serpentine 24 can be formed in the fluid handhng substrates. The channelsmay be 
one dimensional or multidimensional (two-dimensional dr-three dimensional). As used herem, the 
term one dimensional channel means a channel that nms along a smgle axis aHgned with tiie plane of 
file substirate.- The terin multidimensional chaimel, as used herein, means a channel that runs along 
two 6r more axes,' perpendicular to each oflier, in the plane of the subsbate. The resulting 
dimensional aspects and arcHtecture of tiie channels are especially sensitive to high temperahire 
conditions because tiiey can warp to the pomt at which they would no longer be functional or 
maintainfhe desired sh^e or configuxatiori. One skiUed in the art given the benefit of this disclosure 

.will be able to choose and design chatmel configurations suitable for incorporation into the fluid 
handling substrates disclosed here. 

/ hi accordance wifii CKtain'preferred^embodiments, referahg again to Fig: la, optionally 
coiiained.wifiiin the channel 13 is an environmentally sensitive element 14. As used herein, fiie 

. term "environmeiitally sensitive- elemenf refers to elements that would be destroyed if . tiiey were 
- . subjected to tenqjeratares nonnally required to seal the plastic pieces and/or were exposed to one or 
more fluids;.-e.g. -strong acids,.tiiat might damage the.element Therefore, what is xonsidered 
enviionmeaitany sensitive depends oh-ihe substrate material being welde4 the temperatiires andor 
pressure used dnriiig-.fiieweldmg,-. and on fiie species m a fluid that is mtroduced.into tiie-fluid^ 
handling snbs1rate;:-EhviionmeiifaUy sensitive elSnmts, as Tisedheremclude,.but are notrhmitedto, 

, -file anihitecture ofiiie channelspflmds; sofligaskets, polj^lecti^lyt^ sub- 
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systems, flexible membranes, sensors with tiered membrane assemblages, electrical sensors, 
mechanical devices, biological components with sensor.membranes, reagents for biotransformations, 
arrays of gene probes and analogues, detectors, and chromatography reagents. Certain sensors, 
whether electrical or biological, are also sensitive to high temperature and tend to be destroyed by the 
5 hightempeiaturss. Fluids can also be sensitive to chemical adhesives and high temperatures ofthe 
CTnrent welding methods, and the compositionof any adhesives added to effect welding of the pieces 
together maybe altered by the incident radiation, for example the adhesive may photoreact with the- 
. other components withinplastic pieces. Some fluids are susceptible to chemical reactions underhigh 
temperattire and pressure, and the resulting products could change the character and reactivity of the 
) fluid. For example, chromatography reagents, such as beads with bonded phases, can be destroyed 
. by high temperatures. The substrate may also contain additional channels formed from welding the 
plastic pieces. together. For example, referring to Fig. la a second channel 15 is in close and 
continuous contact with an embedded microdevice 16. OnesldUed in the art given the benefit of Ibis 
disclosure wifl be able to design fluid handling substrates comprising a pluraUty of channels and 
innumerable environmentally sensitive elenients. •. • .. ■ ■ • 

In certain preferred embodiments, a microchannel is formed in the multi-layer laminated 
substrate at the interface of two layers. It is an advantageous aspect of thesepieferred embodiments 
that ^ the layers are effectively welded or otherwise joined to form a fluid-tight seal along the 
periphery of the channel, A fluid-tight seal is a seal in which the channels do not leak fluid Thatis, 
substantially no fluid can enter or exit the channels through the sealed periphery, but rafliCT only 
through fluid communication ports provided in the substrate..For example, referring to Fig. l a, port 
17 is seen to comprise an opening in the surface of the fluid-handling substrate. B will be understood 
from this disclosure, that such fluid ports can be positioned at any convenient location in Qie surfece 
of the substrate, taking in to account the need to provide fluid channels witfain the substrate to the 
port. The port may be located on either a major sui&ce or on any side surface, hereaftdr refeired to " 
as aminbr surface, of the substrate. Portl7canbeiacommiaucationmflianmfem4microchannel 
that can extend to orthroughplasticlayeraOand/pr l l ofthesubstr£te.^ An element 14 is contained 
within channel or chamber 13 .and.is^iafluid communication- with-port '17' of the suB^e; An 
embedded microdevice 16 is contained wifliin a second channel or fchambCT'15r it can be seed that 
.both-flyid channels 13 andi5 arefbrmedbyandataeinterfice ofthe-two-mb^ 10, ll. "- 

.Tliepdrt.andmicro.channelcanbeany.?Hi^ 
: Also, awide vmetyjqfpprtgepmetriesmclud^ 
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rhomboid can be foimed and are limited only by the thickness of the materials foiinirig the fluid- 
handling substrate. Additionally, one or more additional microchaimels may connect channel 17 and 
chamiel 1 5 such that fluid can flow between the two chamiels. In certain embodimeDts a valve may 
be embedded in a third channel (not shown) that is operative to connect channel 17 and channel 15. 
The valve can be opened to provide for fluid flow between the two channels or the valve can be 
closed to prohibit fluid flow between the channels. Such interconnected channels maybe useful 
where, for example, the fluid handlmg substrate comprises multiple sensors in different channels and 
the valve is operative to direct the fluid to only one of the sensors. As discussed below, the port may 
in certain preferred embodiments be employed as a docking site for a component-6n-board, e.g., an 
extemal device mounted to- the substrate for increased fimctibriality, more specifically, a mounted 
component that will be in fluid communication with a microchannel iii the substrate. A gasket 18 
may be used to form or enhance a fluid-tight seal between a mounted component-on-board and the 
surface of the substrate. A gasket, as referred to herein, may be an 0-ring carried by the mounted 
con^onent or by suitable structure of the substrate, hi certain preferred embodiment, curable 
gaskets are employed at the mounting site of a component-on-board. Such gaskets can be usefully 
foimed of radiation absorbing materials, such as plastics or metals -and preferably have a lower Tg 
than the adjacent materials of. the substrate and on-board component. After the component is 
positioned on the substrate the gasket at the joint between them is subjected to actinic or curing 
radiation. AlsOiSuitable gaskets, e^g. PEEK gaskets^ can be microformed on or in the surfece of the 
^laminated- substrate and/or the surface of the component to be mounted. A gasket can also be 
employed that covers the entire contact surface of the substrate and the component. One skilled in 
the art given the benefit of this disclosure will be able to design suitable gaskets for sealing the fluid 
handling substrates described here. 

- hi accordance with certain.prefeired embodiments, the fluid-handling devices disclosed here 
may comprise a plurality of layers' with different materials being used inthe difierent layers. :. For 
example, referring to Fig. lb, a fluid handling substrate 70 may comprise a first layer 76, a second 
layer 74.and a . third-layer 72, in which the second layer 74 is disposed on the first layer 76 and the 
third layer 72 is disposedonthe second kyBr:74,; Ereferably the . first layer 72 and the third layer 76 
are manuactured fi:om.steel or other materials c^able.of withstanding high pressures: Preferably 
the middleiayeris manufactured from applymer, such as PEEK. The secoridlayer can be disposed, 
e,g.. .coated, deposit^ and the-like, in accordanceMthrthe-methods- describe^^ and with oQier 
me%)ds:knoym.tO;1iiose.s^ whefe^the fluid- 
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handling devices are operative at extremely high pressures, e.g. greater than 10,000 psi, more 
preferably greater than 1 5,000 psi. the first and third layers may contain projections, e.g. upward or 
outward projections, to reinforce the fluid-handhng devices. For example, referring to Fig. Ic, a 

• multi-layer laminated fluid-handlmg device 80 comprises a first layer 84 having upwardprojections 
5 86 and 87 that contact the third layer 82 such that the second layer is completely enclosed in the 

. fluid-handhng device. That is, no surfaces of the second layer are exposed to the outside, except 
. through a port extending fi:om the surface of the fluid-handhng device mto the second layer, for 
example. Upward projections 86 and 87 may comprise any of numerous forins mcludmg for 
example reinforcing sidewalls, remforcing members and the hke. Optionahy, additional projections, 

.10 or mechanical bairiers. 88 and 89 may extend between the first and third layers and into the second 
layerto finther reinforce the fluid-handling device, hi embodiments comprisingupwardprDjections 
that are operative to remforce the fluid handhng device, the device may be assembled using any of 
the methods discussed above including for example, adhesives, welding and the:like. • One sJdned in 
the art given the benefit of this disclosure will be able to design suitable fluid^handling devices 

15 capable of operating at extremely, high pressures, in accordance with the devices and methods 

• described here. •,. ..... 

. ^3'='^°rdancevwth certain prefen-ed embodiments, assembly of the fluid-handto 
occurs as the substrate pieces are welded together and the channels are preferably sealed using 
selective EM welding techniques, such as selective.IR welding. .Selectively welded, as iisedherein, 
refers to a weld fliat produces a fliiid-ti^t seal surrounding Ihe chamiels in the plastic pieces or 
. conq)onents of the:fluid-handling substrate. The selective welding is preferably done substantiaUy 
m the area immediately surrounding the channel the weld is intended to seal. However, this does 
not exclude any weldmg location that may create a fluid-tight seal. The most preferable welding 
methods mclude, . but • are . not limited to;. IR.-- dosage- (pulsed, continuo^ -'-intensity, 
fi■equency^andwid^h), IR delivery (spot, flood), thennal conditions (workpiece, platen(s). pick 
tools)„ultrasonic agitation, or. pressure; For illustrative purposes only. Figs. 3a and 3b show one 
possible configuration ibr assembly of a fluid-handling substrate that.contams an enviroimientally 
sensitive .component.' The resultant channels and- any c6nq)onents contained therein' have been 
oinitted fixjmFig. 3 for clarity. The chambers or cavities respoMble forfbimiog-the channel after 
, . the pieces have been welded, togelha- can be" machined into the plastic pieces-using any method 
khown to those skillimthe;art, such as thosedescribed above. RSeriing to FigV'3a;- a^ 
piece 1,0 is c^aWeof abspii>ing.flie.indaent Kuiiation,.whereas a seamdplastic pi^e 14 is mergy 
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transmissive. The welding ofthe plastic pieces is done by fiistaUgning the major surface of ihefi^ 

plastic piece 10 and the major surface of the second plastic piece 11 usingamechanical'deviceSO. 

siich as a clamp or an alignment stage or a clamp on an alignment stage, for example. Next, 

radiation, preferably in the form of EM beam 3 1, is applied throng the siiifece of the transmissive 

plasticpiece (see Fig. 3b). TheEvI opaque first plastic piece will absorb the energy of the EM, and 

heat will be generated causing the surfece of lie plastic pieces to melt or soften. The melted sorfece 

will cool, and the plastic pieces will then be welded foimiag a channel with a fluid-tight seal. One 

sIdUed in the art given the benefit of this disclosure wifl be able to use these and other tecbniques for 

assembling the layers of the fluid handling substrates described here. 

In accordance witii preferred embodiments, the plastic pieces and gaskets arepreferablymade 

of PEEK as this material provides for the possibiHty of visual or optical'inspection of the weld and 
resultant fluid-tight seal AdditionaUy.otfaerproperties of PEEK make its use'desirable. PEEKhas 
siq>eriorchenucal resistance aUowing for its use in harsh chemical environments. PEEK retains its 
flexural and tensile properties at very high temperatures. Additionally, glass and caibon fibers, or 
other materials, may be added to PEEK to enhance its mechanical and thermal properties. One 
advantage of using PEEK in the assembly of a fluid-handling substrate, as discussed above, is that 
liie selective IR welding process may be visuafly or optically monitored, as PEEK is a clear and 
colorless material Therefore, the fluid-tight seals that are created, using the selective IR welding 
process,,may be visually or optically injected prior to fiirther assembly or distribution of the fluid- 
handling substrate. If upon visual or optical inspection it is detennined that th6 seal is not a fluid- 
tight seal, additional selective welding, can be perfonned prior to testiig of the fluid-handling 
substrate, thus the quaUty of tiie assembled fluid-handling substrates and the integrity of the fluid- 
tight seals is much in^ved cong)ared to other prior devices. One skilled in the art given the benefit 
of this disclosure will.b6 able to assemble PEEK layers into-the fluid handling substrates discbsed 
has. ■ ■ " ■ " '■' ■ " 

.. . hiac.cordancewithcertamprefen«d embodiments, joining of plastic pieces^m^ 
. channels can be accomplished with a focusable EM beam, such as alaser. As used herein, the term 
focusable EM beam refers Jo any Kght source where tiiersize of the light incident on&e surface is 
very small when comparedto the overall size of the surface, whereas an.EM beam refers to any Ught 
source that may .iUuminate significant .portion or afl of a. surfece. An- iadvantage of using a 
rfocusable beam iiwludes direction oftiieradiatiaaaivay fiom any areastiiatmi^tbe damaged from 
r-fihe. radiation, sudh:.as;tiiose areaSicontaimng^an environmaitaflyseDsitive:el(aiient fijr-.exaiqple, 
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"I^feyusmgthefocusableEMbeam, aflmd-tightsedmaybecre^ 
... any environmentany. sensitive element within or attached to the fluid-handling substrates. The 
focusable beam niay also be coupled with the use of a dye for time scheduled selective welding. As 

'«'edherein,timescheduledselectiveweldingreferstousingdifFerentdyesbetweenOTCoatedonor 
. 5 contained within differentportions of, each layer of the fluid^handling substrate. Two or more dyes 
can be used to ensure only those areas containing the appropriate dye are welded together. For 
: , . , ^''^PJS' ^° dyes, Epolight 5010 and Epolight 6084, both from Epolin, Inc. (Newark, NJ), are 
^oatedindependentlyondifferentportionsofthefluid-handlingsubstratetobeassemble^ 
5010 has a maximum Kght absorption at about 450 nm whUe Epohght 2057 has a maximum 
, 10 absoiption at about 1064 nm. Therefore, radiation having a wavelength of 1064 nm, such as an 
infrared laser, would only be absorbed by the Epohght 2057. and only the areas of the fluid-handling 
substrate containing the Epohght 2057 would be welded together. A different radiation source 
having a wavelength of about 450 nm, such as .an argon laser, would be required to wdd any areas 
containing the , Epohght 5010. One skilled in the art, given the benefit of this disclosure, will 
15 recognize that a focusable EAl beam could be used in combination with. multiple dyes for time 
selective welding and increased protection of environmentally sensitive elements? AdditionaUy, a 
. tunable dye |aser could be used to provide rapid switching of the incident wavelength and thus 
, Providingmorerapidmethcdsfortheselectivewddingprocessandassemblyof 
. , substrate. Additional materials suitable for use as jRabsorbm^ 
20 dyes, also available from Epohn, Inc., such as Epolight 3079, Epohght 4049, EpoH^t 3036, 
Epohght 4129, Epohght 3 138, and Epolight 3079, for example. One skilled in the art given.the 
bmefit of this disclosure will be able to use these dyes and other dyes and materials for selectively 
• ; .welding layers to form the fluid handling substrates, desraibed here.. ■ 

. ^ accordance vathcffltamiireferrBdernbodiments^ 
15.. transmissive, the pieces maybe coated with a, substance that is EM opaque such thai selective 
welding of the layep can beperfomied. . The EM absorbing substance maybe any substance capable 
- of absorbing the incidentradiation. Preferred EM absoAing substances include, but are not limited 
to, dyes and pigments, for example. Epohght 5010, EpoUgJit.5532..EpoK^t ,6034,. and Epolight 
1125, all from Epohght, Inc., (Newark, N3). Figs. 4a-4c s.how an exemplary configuration for 
.... '^«^''l>^.°^^flHidrhandling.s^ 
• |9™°&Elasticpiec^ !^??*.are^2S.M^B??mssi^^ is necessary to either.CGataie.surfe6e.of one or 
:i4JS'?5,S!Jl^P^il^u^%-mEM.ate^ substaace,to;formjn EM.abs6Anig&yerl2Qr 
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incoiporate an EM absorbing substance into at least one of the plastic pieces. EM interfaces, 
composed of any EM absorbing substance such as dyes or dye-containing substances, can be created 
by contrasting administration regimes including but not limited to, spin-coating, micro-dispensmg, 
and micro-contact transfer printing and the like. Referring to Fig. 4a, a coating of an EM substance 
5 12 may be first applied to a major surface of the first or second plastic piece or both. The plastic 
pieces 10 and 1 1 may then be ahgaed using a mechanical device 30, such as an ahgnment stage, for 
example (See Fig. 4b), An EM beam 31 is appUed through the surface of one of the transmissive 
• . plastic pieces so that radiation is mcident on the EM absorbing co^ Heatingand 
subsequent cooling of the EM coating results in welding of the two plastic pieces together, aud 
10 fonnation of a channel With a fluid-tight seal: A gasket may be used to ibrther enhance the 
eSectrveness o3f the fluid tight seal. One skilled in the art given the benefit of this disclosure will be 
able to select suitable EM absorbing materials for assembly of flie fluid handling substrates disclosed 
here. 

In accoitiancewith certain prefenedembodiments, amethodfor assembly of a fluid-handling 
- 15 . substrate comprising OTvironmentally sensitive elements, as discussed above, is disclosed. Refenihg 
. to Fig. 5a, for additional-protection of the environmentally sensitive elements,-the stacked layers can 
• be masked with an EM absorbing substance 19 and only tiie unmasked portions are exposed to the 
EM radiation and, therefore; only those locations are heat^ The use of blocking 

materials confers spatiaUy and/ortemporaily sdectivepfotection/deprot^ environmentally 
20 sensitive elements in the channels .'from the EM radiatiom ■ These prevent the 

environmentally sensitive elemmt frpin becoming heated and subsequentiy destroyed by the heat 
from the sealing trocess. A gasket maybe placed around the resulting channel acte to iiiscrease the 
ejffectiveaess of the fluid-tig^t seal iid to disapate' any surrounding heatfhat could potentiaHy 
damage the environmentaUysenativeetedi^^^^ 
25 - the aligned layers can be moved in relation to flie EM beaoi- to facilitate joining of the correct 
- • /positions on the plastic pieces. Altciiiatively, tiie beam' can be.moved in reiation ito the aligned 
aplastic pieces: These two metiiods'anow for^re^ (introl over the jportibns of the fluid-handling 
-substrates that aip irradiated, heated, andsbaled: "After'smtable alignment of the pieces (see-Fig. 5b), 
the pieces can be virelded together, as shovm in Fig.*5c, without damagmg any-®ivn6nmentally' 
30..: seaisitive elements contained vnthiii flie flind-fiandl^ 

i; /- .henefitrof this disclosure will be able to dispbse-suitaBle masimglffj^^ fluid 
' handing; stJbstrafes'Mf&o^^^^ 
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In accordance with prefeired embodiments, the radiation necessary to weld the plastic pieces 
together may be administered using several different methodologies including, but not limited to, 
fibre delivery, controlled spot size and controlled spot intensity, seam foiming, and large area 
rastermg. Preferred joining methodologies for the plastic pieces and/or components include IR 
5 dosage, IR delivery, thermal conditions, ultrasonic agitation, and pressure.. The EMiadiation source 
may be any type of EM source, including commercially. avaUafale lamps, e.g. arc lamps, or lasers. 
The EM radiation most preferable is infrared radiation (IR) with the IR source preferably being 
mfi^ed lasers or infrared heat bulbs having tungsten filaments and iategral parabolic reflectors. The 
EM source may optionally include lenses that vary the focal point of the beam. The EM source is 
10 generally positioned and. tuned to project the EM beam a lens or grating and onto the .aligned,and 
, mated layers of the fluid-handling substrate. It will however, be realized that any BV[ source, and •. 
any necessary accessory optical components,, e.g. lenses, gratings, filters, monochromators and the 
like, may be used provided that a suitable EM.absorbing inaterial is available, and, if q)propriate, 
one plastic piece is transmissive to the EM radiation used. One skilted in the art given the benefit of 
this disclosure will be able to select suitable radiative sources and methods for focusing those 
..radiative, sources onto layers to form fluid-handling siAstrates having fluid-tigfat seals. • 

hi accordance with certain preferred embodiments, the flmd-han^ 
an external component attached to the assembled flm*d-han(fling substrate. Such external component, 
which is referred to as a. component-on-board, can advantageously provide any of numerous 
functionalities to the fluid-handling substrate. -For example, the con^onent-on-board can act as a 
fluid reservoir, as an analytical device, such as a conduit cartridge, as a data analysis system, such as 
a congjuter, as a.delivery device or may serve other roles: For illustrative purposes only. Fig. 6 
diows an embodiment of a fluid-handling substrate containing an attached conq)onent-on-board. 
The fluid-handling substrate may be assembled ushig any technique described above or any 
technique known to those skiUed in the ait For example, the interface of the componerit-on-board 
and the fluidrhandling .substrate may be selectively welded such that, a fluid-ti^t seal is created 
between the external component and; the fluid handliiig substrate. A component-on-board 50 is 
.,^ched to a port ly on\the sur&ce of the substrate^a5sembly,.:;As discussed; above, 'an* optional 
gasket may be used,at .the interface of the port, and the componeht-on-boaid to provide for a more 
?ffectiye flmd-tigjit seal between the Aniiitemalfluid- 
, ..tig^t sealed-channeU communication with Re attached componkit'.'^^ 

1^.^%^^^.?.?? be^s^^ wifhinthe.fluid:'handl^ suTJstrate.and/or.the;cpn5)onentrOn;^bo^^ 
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For example, the coinponent on-board may comprise one more detectors. la especially preferred 
embodiments, the component-on-board is a conduit cartridge that is opearative to separate species in a 
fluid. Suitable conduit cartridges are disclosed in the commonly assigned U.S. Patent Applications 
that have been incoiporatedherein by reference for all puipdses. In other embodiments, as described 
in Examples 1 and 2 below, the fluid handling substrate is interfaces with an analytical system and 
also with a conduit cartridge. Thus fluid maybe introduced into the fluid handling substrate 5, from 
a solvent reservoir in the analytical system for example, the fluid can traverse the microfluidic 
chamiels of the fluid handling substrate and can enter a compdnent-on-board, such as a conduit 
cartridge. The fluid may return from the component-on-board to the fluid handling substrate through 
an additional port or orifice as described below. One skilled in the art given the benefit of this 
disclosure will be able to interface the fluid-handling substrates described here with any of numerous 
devices includiag but not limited to analytic^ systems and conduit 

. . In accordance with certain preferred embodiments. Figs: 7a and 7b shows one possible 
configurafion for assembly of a fluid-handling substrate with a component-bn-board. Referring to 
Fig. 7a, a component-on-board 50 is attached to a provided assembled fluid-handhng substrate 40 
flirough a port 17 on the surface offlie substrate. Referring to Fig. Tb, the mterface of the 
component-on-^boaid and the port are selectively welded together usmganymethodknown to those 
skifled in the art, for example, selective IRweldiiig using an EM b^^ Upon 
. . completion of the- selective IR welding, a fluid tight seal is created between the component-on-board 
50 and port 1? on substrate 40. The conq)onent-on-board may then be in fluid communication with 
an internal, channel t3. of the welded substrate and any environmentally sensitive eldnents 14 
contained therein. Certainpreferred embddimenls of the microfluidic substrate assemblies discbsed 
here compiisearemovable component-on-bbaid attached to an assranbled fluid-handling substrate. 
Aremoveable component-on-board facilitates exchanging or swappmg one cbinponent-on-boani for 
another. The ability to exchange, with oier sw^able coniporimts-on-board provide increased 
functionali^ to the fluid-handling substrata. For exampici the swaj^able coinponent-dn-bdardmay 
contain- a device," such' as a UV-Visible detectorr to analyze chemical or biblbgicai'ccmponents 
contained witfam the fluid-handliiig substrate; The UV-Visible detector could then be removed and 
replaced with another type of detector, such'as an infrared detector, for a more complete and'distinct 
analysis of thcspecies mfhe fluid' contained within or delivered from the fluid hahSflinffsiS'strater* 
ForiUustrativepiirposes:only,Fig..8shov^^^an*embodimen^ 

swapp^le,con5)onentron^^^ rJChe Ma-haadMg'Substrate^^^^^ any 
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technique described above or any technique known to those skilled in the art. Though not drawn to 
scale, a swappable component-on-board 60 attaches to the fluid-handling substrate througji aport 17 
■ on the surfece of an assembled fluid-handling substrate 40. The port optionally contains one or more 
coimectors as described above. To facihtate. attachment and maintenance of the desired fluid-tight 
5 seal, the swappable component-on-board 60 typically contains at least one connector. Additionally, 
the port 1 7 of the fluid-handling substrate 40 may contains at a gasket and a connector for accepting 
the connector from the swappable component-on-board. For example, the embodiment of Fig. 8 
shows a swappable component-on-board 60 containing a male connector 65 and flie port 17 of the 
fluid-handling substrate 40 containing a female connector 66,. The joint or interfacial areas of the 
10 connector 65 of the component-on-board 60 and the connector 66 of the port 17 act to form a fluid 
tight seal. After creating a fluid-tight seal between the sw^pable conqjonent-on-board andthe fluid- 
handling substrate, effective fluid communication is established between any internal channels and 
"any environmentafly sensitive component contained within the fluid-hantfling substrate and the 
component-on-board One skilled in the art given the benefit of this disclosure, will beable to select 
15 sidtable connectors and devices for creating fluid tig^t seals between swappable'components-on- 
board and the fluid-handing substrate assmblies disclosed here. . 

In accordance with preferred embodiments, the multi-layer laminated substrates disclosed 
here may be used in a chromatographic instrument For.example, a microqhannel of the substrate 
may be coated with a packing material such that the .substrate is operative as an analytical cartridge, 
20 e.g. see ISO in Fig. MB. Referring to:Fi^ HA and IIB, the analytical cartridge maybeused, for 
sample, to separate multiple species in a fluid. The sample can be introduced into the system using 
an injector, and a suitable mobile phase can be selected and introduced using solvent reservoirs.and 
high pressure pumps. Preferably solvent gradients are implemented to achieve more efl5cient and 
better sq)aration. Maddition, the anal3^cal cartridge can be ill corm 
:5 • line, e.g. a waste line flowing out pf manufacturing fedlity into a body of water, such that samples 
' may be taken autoinaticaUy and intennittently, e,g.hourly,:daily, weekly and the lifce^ andsepaiated 
■ ' by the analytical cartridge using, for example, additional solid phase extraction (SPE) cartridges, pre- 
concentrators, guard, colimms; pun[q)S, and" tlie .like .in .fluid conrnxunicatibn with' the ''analytical 
cartridge 130: ^ Suitable separation systems for use with embodiments of the multilayer lariiinated 
} . substrate disclosed here will be i^arent to those skilledin the art.- Exemplary analytical systems are 
.;jr. discussed-beibwinthe'Examples: - i ':.- =r^. ://':iir:. r.' e-'f ',;* .i .-^i-/ : .... . 
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. From the above disclosure and detailed description of various preferred'embodiments, itwill 
be recognized by those skilled in the art, that good flexibiHty is achieved in the.design, manufacture 
and use of fluid-handling substrates suitable for can be used for a variety, of appUcations including, 
but not limited to, Hquid chromatography separations and analyses. The use of fixed and/or 
removeabie or swappable components-on^board provides additional functionaKty to the fluid- 
handling substrates. Fabrication of the substrate and its components using PEEK provides design 
flexibility' and good opportunity for quaUty assurance in the assembly process. 

Several examples ofa fluid separation conduit cartridge are described below. The examples 

are not mtended to limit the fluid separation conduit cartridges described here in any manner. 



■ An example ofa fluid-handling substrate assembly, in the form of a fluid separation conduit 
cartridge, interfeced with an analytical system, e.g. a chromatography system, is shown in Fig. 13. 
The analytical system typicafly is positioned within an end-user's facility for automated analyses. 

.15 That is, the analytical, system may be positioned near, or in-line, e.g. within the sample flow itself 
such that analysis of saccules may occur automaticaUy, e.g: using auto-samplers, auto-injectors, and 
the like, or to fedlitate rapid analysis of samples, e.g. samples during a process by an operator at an 
end-user's .fecility" For example, the system can be configuredfor analysis at specified intervals, e.g. 
every minute, hour,.day, etc,, such that continuous monitoring of a process can be performed with 

20 little or iio user iiiput That is, the system can be configured to run a chromatographic method at a 
specified time interval without additionalinputfironi an operator. Referring to Fig. 13, the analytical 
system- 400 typically comprises a multi-layer laminated conduit cartridge 410 interfeced with an 
analytical system, e.g. a. chromatography instrument Numerous mechanisms for interfacing the 
conduit cartridge wifh the analytical system are known to those skilled in the art and exemplary 

.25 ..interfeces are described below.. The multi-kyerlan^ . 
• ...the mefhods described aboverfor sample, by etching mic^^ 

PEEK and assonbling the layers; using- selective IR weldingrfor example, to form a microfluidic 
flow chaimel at theMerface of the layers/ Subsequeatly,.apack^^ 
, 'the conduit cartridge to form a separation conduit cartridge operative to separate species in a fluii 

30 . The analytical system pptionally.comprises a.treatment unit 402, such as a filter,;a-guard column, a 
solidphaseexfractionsilo for analytepre-concentration, etc.r2:3Tie:an2dytesmaybeprer^oncmtrated 
suchfliat trace levels of analyte are concentrated tolevels that are detectable by the a^^ 
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Thatis, the concentration of an analyte may be increased 10^ 10^ 10^ 10^ 10^ 10^ 10^, 10^ 10^ 
times or higher to levels that are easily detected using the dfetector of the analytical system. The 
treatment units are optional and may be replaced with other chromatographic devices, such as, for 
example, guardcolumns, filters, semi-permeable membranes, etc. Alternatively, the treatment units 
.5 can be replaced. with a fluid flow channel such that Httle or no operations are perfonned on the fluid 
prior to entry into the conduit cartridge, 

. The systCTi also typically includes a graphical user interfece 404 for programming the system, 
e.g. the metiiod, and/or monitoring system performance. The graphical interfece may take numerous 
forms such as, for example, a keypad, an LCD screen, a touch screen, e.g. a touch screen display 
10 • unit, etc. hi certain embodiments, Ae graphical user interface is oniitted and the 

conduit cartridge is used to program the system. The system optionally contains a 
receiver/transmitter 406 to provide for remote operation and diagnosis, e.g. operktion of the 
. analytical system over the Internet and/or transmission of data over &e 
hi certain embodiments, the conduit cartridge itself comprises a receiver/transmitter, and thus the 
15 receiver/transmitter of the analytical system may be omitted. . 

The system typicaUy includes at least one detector 408. The type of detector used typically 
: depends on the optical and physical properties of1heq)edesm the fluid Additionalfy^ 
: . are usuallyinterchangeable such thatthe detectormaybe switched to adifFerent type of detector, e.g. 

from a W-Visible absorbance detector to a fluorescence detector.. Suitable de^^ 
20 not lunited to UV-Visible absorbance detectors, IR detectors, fludrescenccdetectors, electrochradcal 
detectors, voltammetric detectors, coulometric detectors, potentiometric detectors, themal detectors, 
ionization detectors, NMR detectors, EPR detectors, Raman detectors, refractive index detectors, 
. .ultrasonic detectors, photothennal- detectors, photoacoustic^detectors, ev^orative light scattering 
detectors, massrspectrometric detectors, and tiie like.. The conduit cartridge 410 typically mterfaces 
25 widi the system through aihamfold,wHch is discussed mdetafl b^^^ 
. - ■ however, the conduit cartridge can interface directlywith the system, e.g. can Be connected directly 
■to a fluid siq)ply source, /e:g. -a pump and/or mjector, without any intervening -mechanical 
I , -cpmponOTts,.for.exan3ple.. l:^ . . •:';:*;;v. ' . - - ■ - . . j;:' 

. Aicloseablefece plate 415 maybe hingeablyorremovablyattache^^^ 
30 ^ closed over, or around, tfae system to protect the system^from harai mviromnen^ conditions, suctt 
. ..;?'*as chemical sblvente,. UV radiation* WtKeTlike."Si^^ 

rsystem is a power-and coinmunicatioiilin^ to 
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provide apcwer source to lie system, and can also provide commxinication ofthe systemto aceatral 
computer, e.g. a computer in coimnunication with the system for monitoring test results and/or for 
receiviiig inforination from the system. 

To achieve high reproducibility, a fixed-loop injector 414 is typically used to introduce 
sample into the system. Suitable fixed-loop injectors are weU kno vvn to those skilled in the art and 
are commercially available from numerous sources, e.g. Beckman Instruments (Fullerton, CA). 
Other injectors maybe usedinplace ofthe fixed-loop injector depending on the intended use ofthe 
■system. For example, auto-injectors, and/or auto-samplers may be used to provide for automated 
samphng and analysis of fluids. Suitable auto-samplers and auto-injectors are well known to those 
skilled in the art. and are conunerciaUy available fix.m numerous manufacturers. Optionally, the 
. . system can be programmed such that the auto-samplers and/or auto-injectors take samples at 
. specified intervals, e.g. every.lO seconds, every minute, hourly, daily, weekly, monthly, etc., such 
fhattestingoffliefluidcanbeperformedwithoutahyinputfiromauser. The system also includes 
precise nricrofluidics for accurate solvent gradients and includes soh^ent reservoirs and^^^^ 
15 magazines418forprovidingafluidphaseforrunniagthechromatographicmethodsoftheconduit 

• . cartridge, e.g. solvent- gradients and the like. Such precise microfluidics can be achieved using 
- numerous methods known to those skiUed in the art, such as the methods described 

assigned U.S. Patent.AppKcations incorporated herein byreference for allpuiposes. As discussed 
. ...above, typically in fluid communication with.the solvent reservoirs are one or more punqjs, which 

'20 are operative to generate a fluid flow. •; 

.• Typicafly the system installation can be customized such that the system canbe positioned in 

numerous places in a fecility. That is, the dimensions and shapes of thesystem canbe designed for 
. placement of the system in numerous. areas of an operating facility, and the functions, e.g. the 
... chromatographic methods, ofthe systemcan be tailoredto perform innumerable tests desired by an 
25 ^ r end-user, fin prefeired embodiments,- the system is placed.- near the sample or prpcess to be 
. : monitored. That is, toe system may be placed, either fixably.orremovably mounted, for example, 
. -.nearthe^fluidto be analyzed: For example, the syst^ canbe custommounted to a conduit 420 that 
carries aflmd sample, e.g. liver water, out of a manufecturingMty, for example. Depending iqjon 
the configuration of the sy5tem,.the system can automatically sample the fluid flowing through the 

30^,. condint,:e.g.,usingmautp^^ 
.:i..r.the.conduit-can,be;,c(mected-.to.theianalxtij?aL 

•iAltema^velss .m<5>a3torc^^ 
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through a fixed-loop injector, for example, using a needle, syringe, and the like. Oue^skilled in the 
art given the benefit of this disclosure will be able to select statable positions for ttie system 
described here depending on the type of analyses to be perfdnned by the system 

The fluid separation conduit cartridge typically interfeces with an analytical system through a 
5 manifold, e.g. the multi-layer laminated mam'fold 456 shown in Fig. 14. Multi-layer manifold 456 
may be assembled using any of the methods described above and other methods know to those 
skilled in the art In Fig. 1 4, the conduit cartridge 452 wiH be understood to be analogous to conduit 
cartridge 410 shown in Fig.l3. Thus,Fig. 10 shows a first multi-layer laminated assembly, e,g. the 
conduit cartridge 452, interfeced to a secondmulti-layer laminated aissembly, the manifold 456, As 
. lb discussed, the manifold 456 is seen in the particular embodiment of Fig. 14 to be a multi-layer 
laminated structure and has one or more micfofluidic channels for introducing fluid into or receiving 
fluid firom the conduit cartridge. For example, the manifold 456 may comprise a first layer 458 
attached toasecondlayer 459 which itselfis attached toathird layer 460, As can be seen inFig. 10, 
the second layer 459 typically is sandwiched between the first layer 458 and the third layer 460. 
15 Fluidchannelscanbeprovidedwithinand/orattheintecfe^ 

example, layer 459 in the manifold 456 of Fig, 14 can optionally be- constructed as a microfluidic 
- substrate assembly as described above, optionally with layer 459 being formed substantially of 
PEEK. The layers of the multi-layer laminated manifold each can be manufacttired -firom any of 
numerous materials, iucluding but not limited to PEEK, stisel, e.g. stainless steel, and the like. 
I Different layers of the multi-kyer laminated manifold may be fonned of In 
certain embodiments, the microfluidic flow channel is between two or more of the lai^, e,g. the 
microfluidic flow channel can extend &om the third layer into the second layer and optionally into 
the first layer, for example. The microfluidic flow chatmel can be formed in one or more of the 
layers using numerous techniques, e.g. UV .embossing, micro-machiQicig, micro^millfiig, and the like. 
For example, a microKshannel can be etched into the second layer and the first layer such that when 
the second layer is assembled to the fiist layer a fluid^tigfit microfluidic flow channel is CTeated, As 
• discussed abovci ae layers can be assembled to form the multi-^^^ For 
example,, tiie layers can be assembled by welding the layers togetS&ropti'oha^ 
positioned between ttie layers, or can be assembled usmg kdhesives and the-like; One skilled m the 
. art.given the benefit of this discldsme will be able- to-Select suitable r&eitliods' for assembling the 
• • • ^layer5 .of multi-layer'4aminated tnanifblds' suitable for use wia multi-lay^ Sonaint' citridges 
disclosed here. Preferably, the manifold compcises^'af leasVa^'fi^^^ 
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commmiicatioii witli a solvent reservpir and with an input orifice of the conduit cartridge. Thus 
solvent may flow into the conduit cartridge through a microfluidic channel in the manifold, e.g. by 
pumping the fluid into the cartridge using a pump. The manifold can include a second microfluidic 
channel that is in fluid communication with an output orifice of the conduit cartridge and typically is 
• also in fluid commumcation with a detector. Tnerefore, a sample maybe introduced into the conduit 
cartridge through the first microfluidic chaimel in the multi-laya: manifold, separated by the conduit 
cartridge, and the separated species can flow out of the conduit cartridge through the second 
microfluidic channel in the manifold to a detector that ban measure the amount and nature of the 
species present in the sample. Thus, as.discussed above,.the fluid handling substrates describedhere 
maybe configured to interface with an analytical system in numerous ways, e.g. a manifold 456 or a 
conduit cartridge 452 or both. . One skilled m the art given the benefit of this disclosure wifl be able 
to design other suitable manifolds aud devices for interfacing the conduit cartridge with an analytical 

system.. ^ • ' " - 

. The multi Jayer manifold may also contain an interface 454 mounted to the manifold. The 
. inteifece 454-typically is.operatiye to create afluid-tight seal when the cartridge is plugged into the 
.manifold. Thatis,.mterface454is operative to:provideasealiQg force suitable to prevent fluid firom 
leaking between the manifold and the fluid separation conduit cartridge. Optionally, one or more 
. gaskets can be positioned between- the conduit cartridge and the interfece to aid in forming a fluid- 
tight seal. .The interface itself may comprise a multi-kyerlamiiiatedsfe^ Thus, in certain 
.embodiments, a plurality of multi-layer laminated structures may be in fluid coinmunicatioh with 
.each other, through microchannels, ports, and the like, andwithoneormore analytical systems. One 
ddUed in the art, given flie benefit of tbis.disclosure, will.be able.to select suitable manifolds, 
inter&ces and mechanisms for retaining the conduit cartridge against the manifold and/ or interfece of 
the manifold to create a fluid-ti^t seal.. Exemplary mechanisms mclude cams, springs, pressure 
plates, welding, clan^js, gear drives, , and combinations of any of them, adapted to be actuated by 
gravity or manually, by solenoid, pneumatically, hydraulically, etc; As discussed above, in 
altemative-embodiments the conduit cartridge is plugged direcflymto the system without using a 
..manifold. . For example, suitable connectors may be added,to the conduit cartridge such that the 
conduit cartridge can be in direct fluid coimnunication with a flow line, e.g, a flow line including one 
or more splyents and,one| or more species to be separated ^Qns skiQed in.the art given.theieiiefit of 
^tfais..disclosure mll.be able to.select suitable mechanismsam^ devices . for interfacing.tlie conduit 
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la other embodiments, the manifold itself is in communication with a second component-on- 
. board,, such as a device that is operative to generate fluid flow. For example, referring to Fig. 1 1, a 
pump 470 can be attached to the multi-layer laminated manifold 456 and can be configured such that 
fluid is drawn from a fluid reservoir, e.g a solvent reservoir, and is forced into manifold 456 and 
5 subsequently into conduit cartridge 452, Such devices may be any of the devices known to those 
skilled in the art and.discussed above including but not limited to punq)s, vacuum manifolds and the 
hke. The device for generating fluid flow can also be in communication with one or more injectors 
and discussed above. . 

■ Example 2 ... j." 

An additional example of a multi-layer laminated conduit cartridge, assembledin accordance 
with, this disclosure, interfaced with an analytical system is shown inFig. 16. The analytical system 
500 comprises a conduit cartridge 502, e.g. a. cartridge operative to per&nn capillary liquid 
chromatography, a graphical user interface 504, and bufifer cassettes 506.. The gr^hical user 
interface can be used to program the system and/or the conduit cartridge for a specific method, e.g. a 
specific solvent gradient, run time, flow rate^ and the like. As discussed above, the graphical user 
interfece can be oznitted in embodiments where the conduit cartridge is operative to program the 
' system, e.g. where the conduit cartridge comprises an analytical method ina memory unit within the 
conduit cartridge, for example. The buffer cassettes are equivalent to solvent reservoirs. That is, the 
buffer cassettes maybe loaded with any suitable mobile phase needed to perfonna chromatographic 
method, for example. Preferably, the mobile phases are* different in different buffer cassettes such 
that solvent gradients can be implemented in. the analytical method The buffer cassettes may be in 
. conimunication with one or more devices that are operative to generate afluid flow (not shown), e.g. 
. pumps and the like. The.system 500 typically has one ormorepowerand.communicationinterfeces 
508 andcanbecustominstafled512.atauser's&ciIitysuchthatautomatedanalysesn2^ 
or such that the system is positioned , nea: the fluid to be>. analyzed.. As discussed above, the 
Qommunication interface may send and/or receive data to or from a central coniputer, or other device. 
The system can be controlled by remote operation and diagnosis using a conmiunication device 510 
by varioiis methods, such as for example,, ermail over the IhtiBmefc . The communication device 
typically is usedto alte the methodof the system,wifhout having to manually enter the new method 
using the gr^^iical user intafece. .This featurepiovides foriemote configuiation, or recbnfigiaration 
as the .^jjase may be,,pf &e:syste^ certaitieinbpdinients, the conmiunicationrdevias as omitted and 
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• the system is controUed by infonnatiGii sent from the conduit cartridge, whichmay comprise its own 
^ conununication device positioned with a chamber in the conduit cartridge, to the system. As can be 
seen in Fig. 16, the size of -the conduit cartridge can be tailored such that it has the appropriate 
dimensions, e.g. height, width andthickness, andhas the appropriate connectors to interfecewitiiany 
5 analytical s^-stem. For exaniple, iii embodiments comprising a capiliaiy coimnn, the dimensions of 
the conduit cartridge maybe reduced such that tiie footprint of the cartridge is smaller and occTq)ies 
less space on the analytical system. Suitable fluid connectors including those discussed here, e.g. 
male/female connectors and the like, can be attached to the conduit cartridges and are typically 
•operative to create a fluid-tight seal between the conduit cartridge and the analytical system. Suitable 
10 electrical connectors can be attached to the condiiit cartridge including those discussed above, for 
example, PCMCIA connectors, USB connectors, serial connectors and the like. The electrical 
connectors typically provide for transfer of information to and fix>m the conduit cartridge. 

-As discussed above, the fluid separation conduit cartridge can interface with the system 
• through a manifold, such as the manifold showninFig. 14, or can interface with the system directly, 
15 e.g. without any intervening physical components. Suitable connectors for hiterfacing with the 
manifeld can be positioned on any surface of Re housing unit of the conduit cartridge. The fluid 
; separation conduit cartridge 502 may include one or moire connectors on a major surface, e.g. the 
back surface of the conduit cartridge .502 shown in Fig. 16, such that the conduit cartridge can 
• . interface with a manifold and sit flush with- the surface of the system. For example, the conduit 
20 cartridge may have outwardly projecting connectors that plug into a manifold, having receiving 
socket, positioned on the analytical system. When the conduit cartridge is plug^ 
the conduit cartridge snaps into position on the analytical systan, e.g. becomes seated in a slot on the 
. sur&ce of the analytical system: Thus, the conduit cartridge is in fluid communicatidn with the 
analytical system and is retained by the sj^em such that vibrations will not dislodge the conduit 
25 cartridge fire)m the system, i.e; the conduit cartridge reniains in fl 

even in. the presence of vibrations or other physical disturbances. Numerous oflier devices, e.g. 
' cams,puUeys,spring5,pressureplatesandfhelikemaybeusedtoretainth^^ 
' : r :the.mamfold of the system such fhkt a ' r . .v -.-'> . 

, ^ Although the prKentinventionhas been described above in te^ 
30 . i . is anticipated that: other uses,;alterations and'modificatidns thereof will become apparent tb.-those 
;.^/:q&killed;in the art.given the bene&of this/disclosure;\ Such dteratfoiisiare inte^^ Qie 
- f ; infehangnig'of one:dr more of thei:on$oiieirteof my of tfie eni^ 

J- 44 



wo 02/28532 



PCTAJS()1/31333 



any of the other embodiments disclosed here. It is intended that the following claims be read as 
covering such alterations and modifications as fall within the true spirit and scope of the invention. 
It is intended that the articles "a" and "an", as used below in the claims, cover both the singular and 
plural forms of the nouns which the articles modify. 
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What is claimed is: . . - 

1. A inicroflmdic substrate assembly comprising: 

a multi-layer laminated substrate defining at least one fluid inlet port and at least one 
microscale fluid flow channel within the multi-layer substrate in fluid communication with the inlet 
port for transport of fluid; and 

at least one operative component mounted aboard the multi-layer laminated substrate in 
communication with the microscale fluid flow channel. 

2. The microfluidic substrate assembly of claim 1, in which the operative component mounted 
aboard Ihe multi-layer laminated substrate is in fluid coinmunication with the at least one microscale 
fluid flow channel. 

3. The microfluidic substrate assembly of claim 2, in which the operative component mounted 
aboard the multi-layer laminated substrate is operative as a fluid reservoir. 

4.. The microfluidic substrate assembly of claim 1, in which the operative component mounted 
aboard the multi-layer laminated substrate is operative as a light sensor across a microscalcfluid 
flow channel within the miilti-layer substrate. 

5. The microfluidic substrate.assembly of claim 1, in which the operative component mounted 
aboard the multi-layer laminated substrate is operative as an ultrasonic actuator or transducer across 
a microscale fluid flow channel within the multi-layer substrate. 

6. The microfluidic substrate assembly of claim 1, in which the operative component mounted 
aboard the multi-layer laminated substrate is operative to generate fluid pressure in amicrochannel 
of the substrate, 

7. The microfluidic substrate assembly of claim 6, in which the operative component mounted 
aboard the multi-layer laminated substrate is a thennd act^^ 
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8. . The microfliiidic substrate assembly of claim .6, in which the. operative component is a 
micromachined pump, diaphragm pump, syringe pump or volume occlusion pump, 

. 9. The microflmdic substrate assembly of claim 1 , in which the operative component mounted 
aboard the multi-layer larninated substrate is operative to induce flow in a microchannel of the multi- 
layer laminated substrate endosmotically or by electrochemical evolution of gases. 

. 10. The microfluidic substrate assembly of claim 1., in which the TrmTti-TaygrlaTninflffiri snbstratg 
further comprises at least one fluid outlet port in fluid corninuuication with the fluidinlet port within 
the multi-layer substrate. 

1 1 . The miCTofluidic substrate assembly of claim 1, in which the operative component mounted 
aboard the multi-layer laminated substrate is at least one electronic memory unit mounted to the 
substrate assembly and. operatively connected to the cucrofluidicsu ' 

12. The microfluidic substrate assembly of claim 1 1, furfher, comprising at least one operative . 
component mounted aboard the multi-layer laminated substrate in cormnunication with the 

microscale fluid flow channel and operative to generate an electronic signal corresponding to a 
- detected, characteristic of fluid in the microscale fluid flow channel, wherein the at least one 

electronic memory unit is coimected to the operative component to receive and record the electronic 

signaL 

13. A microfluidic substrate assembly comprising a. generally planar multi-layer lamitiated 

■ substrate defining . • ..• , • ' 

at least one fluid inlet port and at least one microscale fluid .flo w channel at each of more 
than one level within the multi-layer laminated substrate for transport of fluid, and 

at least one microchannel via extending between levels within the ihulti-layer laminated 
substrate for fluid communication between microscale fluid flow cEmnels of different/leyels. 

■ 14..:' The microfluidic substrate assemblyLof claim 13,;m which the atleast.ohe micrDchannel has a 
configuration which is straight curvo-linear, serpentine or spiral.- ' , "■•c':'^ r- j 'Mf.-'V 
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15. A microfluidic substrate assembly comprising a multi-layer laminated substrate defining at 
least one fluid inlet port and at least one microscale fluid flow channel in fluid communication with 
the inlet port for transport of fluid, wherein at least one layer of the multi-layer laminated substrate is 
fonned of plastic and the substrate assembly is operative and fluid tight at fluid pressure in the 

' micrdscale fluid flow channel in excess of about i 00 psi. ^ 

16. The microfluidic substrate assembly of claim 15, inwhichihe multi-layer laminated substrate 
is operativb aiid fluid tight at fluid pressure in the microscale fluid flow channel in excess of about 
1000 psL 

17 Themicroflmdicsubstrateassemblyofclaiml5,in^chthemulti-layerlaminatedsubsto^^ 
. further comprises rigid plates sandwiching the plastic layer between them. 

18. The microfluidic substrate assembly of claim 17. in which multiple layers of the multi-layer 
laminated substrate are formed of plastic and are welded one to anolher, the rigidplates sandwiching 
the multiple plastic layer between fliem. . .. 

19. The microfluidic substate assembly of claim 18, in which the multiple plastic layers of the 
multi-layer laminated substrate are selectively welded one to another to. fohn a fluid-tight seal along 
a channel within the substrate. ' . ; • ' 

20. A microfluidic substrate assembly cong)risiiig a multi-layer laminated substrate defining at 
least one fluid inlet port and at least one microscale fluid flow channel within the multi-layer 
substrate in fluid commmiicationwiththe inlet port fi» transport of fluid, inwMchatleasttme^^^ 

of Ihe mxilti-layer lanainated substrate is formed of PEEKL. 

.•••.':'}•■• • •-• ■ ''' ' • ■ .■ ■ •• ••■ 

• 21. ' ■ The microfluidic' substrate assembly of claim 20, m wMch the at least one PEEK: layer is 
formed of amorphous PBSK.. - ■ -^-.-^ ' : X i . • ■= • - 

22.- . • The microfluidic substrate ^«anbly of claim 20i in whichihe ai leastone PEEK, layer is 
foimedofcrystallinePEEBLrlrj?:?'.-!-- .-- •• '^ ■ -.,/c. .'f!:;;. > "'^t*-- 
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23. The microfluidic. substrate assembly of claim 20, in which the at least one PEEK layer 
comprises IR absorbing species in concentration sufficient for IR welding of the PEEK layer. 

24. The microfluidic substrate assembly of claim 23, in which the IR absorbing species is 
distributed substantially homogeneously throughout the PEEK layer. 

25. The microfluidic substrate assembly of claim 23, in which the IR absorbmg species is 
disposed on the surface of the PEEK layer. 

26. The microfluidic substrate assembly/of claim 25, in which the IR absorbing species is 
selected from dyes, zinc oxide, sihcon oxide and metal species, 

27. A microfluidic substrate assembly comprising a multi-layer laminated substrate defining at 
least one fluid inlet port and at least one microscale fluid flow channel within the multi-layer 
substrate in fluid communication with the inlet port for transport of fluid, wherein at least first aad 
second layers of the multi-layer laminated substrate are selectively welded to each other to form a 
flirid-tight seal at least along a chamel within the multi-layer laminated substrate. 

28. The microfluidic substrate assembly of claim 27, in which the multi-layer laminated substrate 
further comprises at least one environmentally sensitive structure intolerant to a transition glass 
teniperatureofthe first and second layers. • • "' ^ - * ' - ' 

29. The microfluidic substrate assembly of claim.28, in which the environmeEtally sensitive 
stracture is an architectural feature of the microscale fliud flow channel, a mechanical sensor, a 
mechanical device, an electrical sensor, an electrical device, a fluid, chromatography reagents and 
any combination of them. 

30. The microfluidic substrate assembly of claim 28, in which the environmentally sensitive 
structure is disposed in the microscale fluid flow chaimeL 

31. A method of producing a multi-layer laminated substrate, comprising the steps of 
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fonning a suifece-tb-surface interfece by aligning a surfece of a first- substrate 
. component against a surface of a second substrate component- to fonn a substrate sub- 
assembly having an internal fluid channel at the interface; and 

exposing the sub-assembly to radiation to heat only one or more selected portions of 
the interface to a temperature sufficient to weld the substrate components together, to form a 
fluid-tight seal between the substrate components at the interface along the fluid channel. 

32. The method of claim 3 1 further comprising the steps of coating at least a selected area of the 
surface of the first substrate component with a radiation absorptive material prior to fonning the 
surface-to-surface interface. . 

33. The method of claim 32, in which the absorptive material is coated onto only one or more 
selected portions of the surface of the first substrate component and the sub-assembly is exposed 
nonrselectively toIRradiatiQiu ... . • i . 

34. The method of claim.32, in which.the absorptive material is coated onto the entire surface of 
the first substratercomponent and only one or more selected portions of the interface aire exposed to 
IR radiation. 

35. The method of claim 34,.m which the sub-assembly is exposed to radiiation through a mask 
having a configuration corresponding to the one oir more selected portions of the interfece. 
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